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Design of an Upright Positioning Device

for Surgical Patients in Intensive Care Units
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Abstract

This project is a design of upright positioning device for surgical patients in
Intensive care units for reducing nurses’ burdens and helping the patients in
rehabilitation. The design process started from studying problems that have happened
to nurses and patients, then, defined the scope of the work. From reviews of adjustable
beds and wheelchairs, which were available in the market, there was no device that
comes within the scope. As a result, main functions and sub-functions were defined
and their solutions of were analyzed. After brainstorming, the design was drafted by
hand and by using computer, respectively. The data of Thai men size 44 was mainly
used. This resulted a prototype which has a width of 75 cm and a height of 190 cm,
The device is divided into three sections: Section 1 is the backrest, Section 2 is the
seat and Section 3 is the leg- and footrest. The length of the backrest can be adjusted
between 80 - 90 cm. Tilted angles of the backrest body and the leg- and footrest are
between 0 - 90 degree. The height of the seat is 59 - 90 cm, when it is measured from
the floor. In addition, the armrests can be folded. There are also safety belt, which
prevents the patient from sliding down, and head support. In order to check the
functionality, the SOLIDWORKS Motion Analysis was used and it was found that the
device can work according to the requirements. Additionally, results of the strength
and safety analyses using SOLIDWORKS Simulation with the Finite Element Method,
showed that the device can be safely used by a patient who weights 120 kilograms.
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Longitudinal length (mm)
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Head Vertex, cervicale 2437 242.9
Whole trunk Cervicale, HSP intersection 690.1 709.3
Upper part of trunk | Cervicale, xyphion 228.0 2421
Middle part of trunk | Xyphion, omphalion 2053 2155
Lower part of trunk | omphalion, HSP intersection 256.8 251.7
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Forearm Radiale, stylion 247.1 251.3
Hand Stylion, 3™ dactylion 172.0 189.9
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Foot Heel, toe tip 228.3 258.1
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1. MIMNIAINTINILYDY Linear Actuator melussesiian 1 5u

'Lum‘stl%’mi'wg’ﬂ'mmnﬁﬂuamﬂuvhﬂ"a'nwﬁqmqw Linear actuator $1u7u 3 7 Ty
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uiazdh Fuandumseil 4.3
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Qr CJ L7
#n 3 300 mm. 5 mm/s Ysutaudiumn

A miuszeznailun1siiaueed Linear Actuator wiagsn fanmshaanu 1 A5 Ae
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5
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mzaziusuuheomaildgunsaiuFuvindlu 1 3u fe

24 hr 1 human human
X = 11.01 human =12

1 Day 218 hr day
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fafl 1 = 240 x 12 = 2880 s = 0.8 hr
#afl 2 = 240 x 12 = 2880 5 = 0.8 hr
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Paola De Leva uazAny (1996) [20] Tayavinamud1sianasidounnsgmvungusnvesay
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d 1 1 1
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duan 20.1 24.12
druviaa 13.06 15.672
LHINT I 13.66 16.392
MUY 3.25 3.9
Uaneuuu 1.87 2.244
) 0.65 0.78
AU 10.5 12.6
N 4.75 5.7
" 1.43 1.716

INUUINTMIANE IR AYdIuva9sene Inald1ideues Paola De Leva uay
[ 1 wr [ A
Ay (1996) [20] uaywoyavad Anthropometry [22] $7unu AananalumsNd n.2

A 1 1 1
ATMN N2 ATUENILAASEINTDIITNINTY

A7 (i)
Segment .
LA segment
A5y Lay A 31.85
druen 17.15
duving 33.25
NS 8.75
CAVITCTYY 32.55




d 1 1 1 1
AT N.2 ATUEMUARSAINYDIINNNTE (11D)

AMNe17 (31.)
Segment \
usny segment
Uarsuuu 25.55
D) 18.9
AU 39
9 38.78
W 6.83

80

pinuliefidudqaguinaranaiidzdinananuiduves Paola De Leva washn

(1996) winilugauiuanuenusdednudnimsiiouiugaansdafayassin dwansiy

|
M99 N3

d £ 1 1
13199 n.3 qﬂquﬂﬂmqmaumasmu

n CG (7u.)  CG ()

segment | GO i segment \inuiigednedudivaiu
fisve ua Ao 55 17.518 157.482
dren 56.7 9.724 133.426
daurion 46 15.295 110.705
Wangu 5 0.438 92.312
AT 43.6 14.192 128.958
Uansuauy 43 10.987 131.463
19 46.8 8.845 76.205
AU 43.3 16.887 67.723
U1 43.4 16.831 28.779
Wi 50 3.415 3.415
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wdwhmangagudtiunaveusidzdi lngltauns

Y

R

CG

) Z(mk xR

2m,

(n.1)

‘d g - (L} 1]
e mk ﬁa UINUALFAIUUDITTHEAY
2 ] 11 ' | [
RCGI A qwquﬁﬂ’nu’lmmmummi'lximEJLMaLﬁ&lUﬁl'mQﬂmQEN

Tosazuuiniseuau 3 du fo

) P ] | [Y) ' PY- | e o & 1A et
A1UN 1 AD AUTDITUUHUVTINITDWUNNY (Backrest) 'i"Nllﬂl.'ﬂQﬂS'lUfNﬁi't}{’r

Ussnaumedsuy way o dwndiuuduazaifiidiunan

1 = a Y] & (- - v
dun 2 A dngutl (Seat) MUALTINATINTIU UsENDURIY

dMadIuaasAuYn

1 d = 1 ar 5 L 1
drufl 3 Ao diusesiuriuazivin (Legrest and Footrest) Aanatvinfag 9e

UsznaunIe Usauavii

1.2 HaN1SATUIN

Ll

PAUIAIATBITNY
yaaudtinnarasduminiie
£ 1

AudtInnavesdug il

qﬂquEﬁn'wma**uaqﬁausm%’umuamﬁﬂ

RCG = 98 238 LYuUMURNT

RCGl = 12948 19UMUNT

RCGZ= 77.41 \SUALUAT

RCG3= 22.91 \GUALLAT



AMAAUIN U

-] g o = ] 1 ¢ A ¥ 1
nsaunniwmtnfinsevinluldazdiuvasgunsalisladUaeagluvinsingg



83

° g  w o o ' ¢ '
1.1 ﬂ'ﬁﬁ1u1muq“uﬂ“nsgﬂ1‘luLkﬂaquuﬂaqqt]ﬂsmluaHUQan”Luﬂ'lmqﬂ‘]

'lumsﬁ'm';mmLmﬁnisﬁw'l,ul,l,ﬁiazei':wmqﬂmtﬁ Fuilussfomsuiminiingzyia
Tunsazdu Fnunit 2 wuianAde [22] szvemiminldifes 2 dau fe Tudaugiuia
warvdrusesuruazin Taglumstmindinseiludaumindia awnsanldainnissn
Swninvess 2 dau wdavineenamimtins e fufuneumsinnnie

L

1. dwiugthoagluvinlmimss 90 eeen aunsovmimiinvosdunings lidal

o winvesdiugils Aa 35.14 + 4.98 wFewiniu 30.16 Alaniu uaz 40.12
filan3u

o Yminvasdiusesduriuazin fin 18,04 = 2.85 wiawiiu 15.19 Alaniy
waz 20.89 Alansu

I.’ U 1 A =y .l A IJ oy o =
nimiinsmressumeiade 56.2 Alandu fdiudsauunasgiu 6.9 Mlaniu wio
1 L B L = al d ‘; L73 ] A o 14 Ill L é
wihiu 49.3 Alan¥u uay 63.1 Alandu Fnhwinluduntinfs vldrmnssanimindga
gpsdrugiliudiussaiuruazinvinesnainimdnuvesimedign wagn1asay
Umiingegavesdiugutiaivdiusasiurinasivininineananiminsineeesan e gedn
fafinhwdnvasduminia agszwing 3.95 Alandu uas 2.09 Alany

vos &

2. dwiuftheagluinlueu 115 swn awnsavmiminvasdumwings Tadail

o thwlnvesdagutls fie 33.09 + 5.23 wiewinty 27.86 Alandu uay 38.32
flanu

e Jwmiinuesdiusasiuriwansia fie 18.94 + 2.84 ulewindu 16.1 Alan3u
uay 21.78 Alansu

dwduihminludrinminfia avegseuing 5.34 flaniu was 3 Alandy

Aol smILsINIeivia 3 daureininie Tnetunsniasfununiosasunag
1 1 1 1 F Il 5 L] -J L] ‘a’ o =J O v
druvessumoluudazviadias mntiuniiesasildluvihnsganiwilinfidmuald (120
P o o o vy a = ) 1 1 AILU . ar L a e < o ]
Alanf) wWetlagldiuninfinszviluniazdrunldase ndnthdahnmsviussinssyinluue

AYAIUANNAIRU TATURIUMSANINAD
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dwiuddanagluvinlindanss 90 oern

&  smisauasusazdiu

v | "2 1 1 1 A 1 1
ndeyatRuIzaINTanIBUaTUAaTA Tnan1svaunasunasdiu uay

L] L g LY i L3 A
lumsiuimingiu Ssuanimeniniswn ¥.1

| 1 = ¥ ) v - W oo Y
A151991 2.1 Nﬁﬂ"lLﬂaU‘Ua\'lu']vluﬂLLﬂg'iE]Uﬂguqﬁunﬂ'?lquUQﬂaﬂﬁS\i 20 99AN

dau vwiniady (kg) Yawazyaimiing?
295+ 2.09 3202
Backrest — =302 — x 100 = 537%
2 56.2
30.16 + 40.12 35.14
Seat — =135.14 x 100 = 62.53%
2 56.2
15.19 + 20.89 18.04
Leg and Footrest | —— =18.04 x 100 = 32.09%
2 56.2

®  AFUITILAATAIY

a v 1 1 L] !.’ a A a -, o
nnnsanamieasusazdau thihwinfinovuald (120 Alanda) Tugm
Iy ' | v 4 ar 1 A e e v o
fubevasunavaiu Wesgldnsruihminuazdiuvasnuimineuniwualy 3nndu
(=} -] L7 L] d i 7 1 A 54 o IJ
mmm‘sqmnum'mLmﬁmmmmiuunfm‘[aﬂ (9.81 m/s%) INOWIUSININTENT 99

° ar <
WAMINITATULAUAINTITIN 0.2

A 1 1 ﬂ:’ au
A1 V.2 Nﬂﬂ’l‘i%’llt'ﬁ-ﬂLLWH%E")UI‘N%"]UQWE‘NWN 90 2981

d9u wsaudazdau (N)
5.37
Backrest x 120 % 9.81 = 63.22
100
62.53
Seat x 120 x 9.81 = 736.10
100
32.09

L.ee and Footrest x 120 x 9.81 = 377.76

100
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dwmiufUavegluvineu 115 aeem

® MsMSopazunazdEI
v W ' | | = '
mnﬁagawmu%mu'ﬁnm%’aﬂasumaamu Tagnrswisedousay
1 [-) at IBJ aF ﬂl L7 d
a1 wazhluvsiuiimiing iy S99suanImanIngs 9N v.3

l:l ! P ‘n’ L v g o A 1
AT 9.3 Nﬁﬂ’]LﬂﬂEJ‘UENu'I'HUﬂLLﬁa'ﬁ'iElEJﬁ%UﬁﬂUﬂﬂ'J‘luﬂ”llﬂu 115 83

dau dwdnede (ke) puazvaniming
2+534 4.17
Backrest — =417 —— x 100 = 7.41%
2 56.2
27.86 + 3832 33.09
Seat — =3309 x 100 = 58.87%
2 56.2
16.1 + 21.78 18.94
Leg and Footrest — =1894 x 100 = 33.7%
2 56.2

®  AsMINSLAaTEIY
o 1 1 I:V *F A
HANTSATUIIMILTUAard U LY L LENIRINIT 1N 2.4

Pl ] 1 | e
19190 .4 Naﬂ’l'SWILLSQLLmaﬁﬁ’Ju'luVI'IUQLau 115 231

dau wsausazeau (N)
7.41
Backrest — x 120 x 9.81 = 87.23
100
58.87
Seat x 120 x 9.81 = 693.02
100
337
Le¢ and Footrest — x 120 x 9.81 = 396.72 -
100

< ¢ - 1 Nd o v« X A g ue |

\issngunsadiuwuudleagluviniiiinuwiestinsiouduielilvegluviiiaune
o A e 2oe] 0 & Y ar =t
FeluniildRarsanlviinunouiueglugm 65 e Tagdnanunu -X fagun .1
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87.23N

693.02N

o 34945 — mgsin 25°
T3] ¥
A
6! i YNNI I
_____ x

< [y » A " o
Ul 2.1 uansmsinyuvosgunsalfulvuiioagluyiiaey 115 s laednan
Wnw -X

v ¥} ow 1 o T =
'ﬂ’lﬂ‘ll’r]l‘JJan’l‘iniz‘i]"lEJu'mun‘UEN‘i’NmULNEIQU’JEJE)FJIM‘V]W’N‘] [23] Qxﬂ’i'lﬂg]LWENLL'N

= o ar e LY L 5 =% [] d o d o el J L Y
VINIEVINAUVIRNING ﬂQUUQQﬁBQﬂWUQNWTlL'i\W]ﬂ?ﬁ‘Yl']C‘]'Nd'l'ﬂ'ﬂﬂﬂ‘ﬂ'] Tﬂﬂ’]ﬁﬂ‘ﬁﬂ’]u%ﬂﬁﬂ\iﬁ

| v 3 v I ' ¥ 0
Luaqmn'uauua*ua\m'rsn‘s:‘;mau'mumuaag'lumuau wudaminasediuan
1 1 1 = ¥ v =1 1w AI ar n”) 'e’ e ol b3 :vlw
(3LUENITENINAUINITALNN) UAUVINY 111.83 N Tuwuans saluwinNnsgyinuunwngd

zasavlaan
111.83sin 25°=47.26 N

SR WRETLsInsEYWIGY 396,72 - 47.26 = 349.45 N



ATANUIN A

MISAUINTUIRLAATEIUTRITINE (Segment Dimension)
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A.1 NMTAUIBUNALAATEINYDIIIINY (Segment Dimension)

TunsAmnumsuavesguaseiuduvinds wWu anuen avunde Wudy $udu
sfoafrunavesldan wu vunadi args Wusiy Fluniseengunsaiufuviniserii
gurnvanelngsnledine (Size Thailand) [18] u1¥in1sRasein 1aeaeiaIsanen
selnofifion (size) 44 Watannsnsesiudieifivnalugniwuimnasgu Favum
NWINTFILVBWYLINE AD YU1A (size) 40 Weilvunduudagdiueisnimevsuannad

o
AN

ol ] 1 1 7 X .
a15799 a.1 auanAazdIuvessmelaslddeyavuinvesviglveainledlne (Size
Thailand)

fumisivhnisia ueAn1sin (wufiams)
susviesewiaunowifae (Fuwisd 29) 44
segEnaTswIteiasivn uwnisdl 30) 14.4
vozvissywiueIiat (huvisdl 25 - 30) 39
syavwesEWInEavi (humisil 26 - 25) 45.6

1 L3 L] 1 4
Pinmsnwuitluteyavededlnseliaunsavenainugs wasnunadmdusg Il
1 v o ey v o v o ! =t o & &
pgATUII veruniivung 44 16 Faezannsalaiiswmnugianntuneiissauiufe 143
= @l 5 o L 1 1 d 4
wudns snjusndudedlddoya Anthropometry udiglunisanugs uazuuaandy 7
Joyaledlnelildindifis lnsasuannadisil

1. Anugeuaanglnevun 44

andoya Anthropometry annsamarugivesyiginevunn 44 lianmsthaaa
1l e o A = e e v 1
gevadluaiiiainseduitu Tasarildviniu 81.8% vesaruigenu Fanndoyatiaiunige

13 o
LY |

vojuAadesziiviiufie 143 wufiums ntuiinsthaageinanuhiuiuamgs

|
L2 |

bl er =) ey
goalvaiinannsesuiiy Faafildfe

0.818H = 143

. H=174.8 = 175cm.

d‘ [ 1 =
Wo H UnuANUEITaIT UL 44 neiniodugudiums
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2. gunurardurastelineiiivine da
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ndeya Anthropometry amnsamvuansazduvetlngyn 44 lavannse

°® Y} v o
[((Fa 10N ﬂ’l'iﬂ’lu')mLLa:ﬁNﬁﬁwé‘lﬂmWﬁ’Nﬂ f.2

= | | o 3]
#191497 7.2 Ywansazduvewnenivuin 44 9nteya Anthropometry

° ] l:l o a
AUAEINYIINTTIN

d L4 o =y
PUIRNYIINTGIRN (LTUGRLURS)

Aguy

0.13H = 22.75

g

(0.87-0.818)H = 9.1

d2uan

(0.818-0.72)H = 17.15

Aod

(0.72-0.53}H = 33.25

LBAaNs U

(0.53-(1-0.52)H = 8.75

AULYY

(0.818-0.63)H = 32.9

Jansuuu

(0.63-0.485)H=25.375

=5
us

(0.485-0.377)H = 18.9

v
1

(0.039)H = 6.825
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4.1 msaahwin Topper Tuusasduvasgunsaifunuy

Tunsduanmiimiin Topper luudavdruvasgunsaifunuudeiinisus
Topper aaniiiu 3 d amnsesniuuAleUTLNTH SOLIDWORKS Faflaummnuuyingu
150 kg/m? wazilnanuvmun 3 i mnﬁ"uﬁﬁm&aﬂ'nun"mLtasﬂﬂumfmﬁiﬁsdaumqmr‘fv
AIVUILIULaEATIIL TaBuanIR NI 4.1

m= pv (a.1)

4 = 5w
$1) m Ao vun (ke)
p Ao Anwvwil (kg/m’)

V A9 Usums (m?)

aIAuMdwiln Topper ludiuwinia (Backrest)

=] v e '] 1 A ar ' Y
nnseanwuuunh 4 liviasulsdiuesnily 2 diu AsdiusasSuunundsdiuuy
Lazdrnsesuldundidna suiudlavinnsudainnsiunaeanidy 2 dulasduneunsn
° ° & A 2 V P= | = ° o o
gdpsimMsmInamuidu (JUN 1.1) uagdina (U 9.2) Taldnansiuudieil

e druriniNdnuu
Area = (75x40) - (30x5x2) = 2700 cm’
m = 150x3x2.54x2700x10° = 3.09 kg

® druntiniedIua
Area = (75x40) - (20x5x2) = 2800 crm’

m = 150x3x2.54x2800x10” = 3.2 kg



b 750

400

d L ] 1
FUN 4.1 RnUnReEILUY

200

[

L | 750 J

‘J R4 o T 1
FUN 9.2 JuanUNRIEIua N

N1IAMUIUUMNN Topper TuadugIuiia (Seat)

a 1 o o |7 o < ¥ &
Tunsfuamesdugil legldmunawasanuendsguit 4.3 Tunismiwug
waztmin TnguanInIsaIaail

Area = 75x50 = 3750 cm’

m = 150x3x2.54x3750x 10 ° == 4.29 kg
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500 |

= ) ar
JUN 4.3 TuIeEIUFIN

. ¥ d o
nsAwaniwitn Topper lugiuiwne (Legrest)

a .O, or A o A 1 14 st
Tunrsanuammirwin Topper Tudwivinun Tngannisesnwuuluuny 4 driin

2 1 = e :!I al or LY P AJ o L
tsznauluaie 2 dwhe RN U ) warnRnm (URA 4.5) F992MIN1TUUINTS
Ameenidu 2 diu il

d L2
® VNN
Area = 35x75 = 2625 cm’

m = 150x3x2.50x2625x10 = 3 kg

/50 ,

350

d ] 1:‘ L7
FUN 4.4 IRE NN
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U

o ‘ﬁ" Ly (Footrest)
Area = 15x75 = 1125 cmy

m = 150x3x2.50x1125x10 ™ = 1.286 kg

750

x:dl 1 A:J ar L%
gﬂw 1.5 YUAETUNWALN

4.2 MIATUINLTINGFIBVDY Topper Tuaunsalfunuuudazdiu

L4 ﬂ’l A :’ @ 1 ]
INMAUIMHURLasiminves Topper TULARYEIN A1UITONILTINTEINVDY
Topper luwsiardiu lavthaeniminfinszvirludiusing inpmuiuAr s ailasninus
Thigveddan (9.81 m/s?) Jaudnaman sl
< - 'Y e w {
1. usinseevnsiiveuiiogunsaifuwuuagluvinlaindmss 90° (§UT 1.6)

Backrest = (3.09+3.2)x9.81 = 61.666 N

Seat = 4.29x9.81 = 42.046 N

legrest = 3x9.81 = 2943 N

Footrest = 1.29x9.81 = 1265 N

— 61.666 N
42.046 N

'

o & 29.43 N y
W | esn
X

* i

= g’ 1 Vo L 25
JU 4.6 wianseatens 3 dw Turidenwdanss 90 8ar1 IA1NLAY +x

WUnHa




2. wsanseeevesfiueuidlegunsaifunuuluviniueu 115° (Uil 4.7)
Backrest = 61.666 cos65° = 26.06 N
Seat = 4.29x9.81 = 42.046 N
Legrest = 29.43 cos65° = 12.44 N

Footrest = 1.29x9.81 = 12.65 N

o Yoow 8 y . o
E‘UYI 4.7 usanFEAEUIMUNTe 3 d1u Tuvinaeu 115 89A1 TANKAY +x

3. usinszatvesusuilegunsaifunuusgluvhususiu 180° (3Ui)
Backrest = 3.09+3.2x9.81 = 61.666 N
Seat = 4.29x9.81 = 42.046 N

Legrest & Footrest = 29.43+12.65 = 42.048 N

61.666 N 42046 N 42048 N

dwfil dwid2  dwin3
¥
L.

| o b | ' Y
E‘U'ﬂ 4.8 WSINTEWUMUNTIR 3 dIU Tuvinueustu 180 a9m1 IA9NLAU +X
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