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for Postural Drainage in Patient
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Abstract

This research aimed to develop and evaluate the structural integrity of an adjustable
folding bed specifically designed to facilitate postural drainage in patients with pulmonary and
respiratory tract congestion. Applying ergonomic principles based on human body proportions
alongside engineering design methodologies, the structure of the bed was modeled in multiple
configurations using SolidWorks software. Structural strength was subsequently evaluated through
finite element analysis to ensure reliability across various positions. The bed is equipped with
internal mechanisms enabling tilting at different angles allowing patients to be positioned in
alignment with postural drainage techniques. The structure is constructed from 1.50 mm thick
aluminum tube and maintains dimensions comparable to a standard three-foot bed. It is designed
to be placed on top of a patient’s bed, allowing for adjustments into multiple therapeutic positions.

The strength analysis of the designed bed is conducted in two phases. In the first phase,
the strength of the structure of the bed was evaluated in four different diameters: 19 mm, 25.40
mm, 31 mm, and 38 mm, across three positional configurations: flat, head elevated, and foot
elevated. A minimum safety factor of 2.50, in accordance with BS EN 6061 standards, was
established as a criterion for evaluation. The analysis indicated that the structure with a diameter of
25.40 mm met the strength requirements for all positional configurations, with a minimum safety
factor of 2.99, exceeding the specified threshold. Consequently, the 25.40 mm structure was
chosen for further evaluation in the second phase of the analysis. In the second phase, four
additional positional configurations were evaluated: torso elevated, hip elevated, knees bent, and
knees bent with feet elevated. The results demonstrated that the bed structure was capable of
withstanding the applied loads across all positions without incurring damage, with the minimum
safety factor recorded at 2.56 in the torso elevated position. In conclusion, the designed adjustable
folding bed is deemed suitable for postural drainage positioning of patients, offering convenience
for folding and transport. It possesses sufficient strength to safely support the patient’s weight
without sustaining damage, thereby ensuring safe usage.

(Total 122 pages)
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oadalassaderun 2 o'l FalumsaenIaseas wimngauaziasanin Insaas 19l
S A A A %’ v Y A Y o A o 4
yuraaniiga (Wiethimindeenga) uazdesaunsasumsznssumuidivualy Iae
MruanInuaoasie (Safety Factor) litfoenii 2.50 819990 mn105511 BS EN 60601-1:2006

7190 HAZARDS associated with support systems AIMNTNN 3.2

A15197 3.2 MsAruAAIANNYaeARBIINAIMATD VLT IAT (Determination of Tensile Safety

Factor)
Situation Minimum TENSILE
SAFETY FACTOR *
No. System Part Elongation A® B*
1 Support system parts not Metallic material ° having a 2.5 4

impaired by wear specific elongation at break

equal to or greater than 5 %

2 Support system parts not Metallic material ® having a 4 &
impaired by wear specific elongation at break of
less than 5 %
3 Support system parts Metallic material * having a 5 8

impaired by wear © and no
MECHANICAL PROTECTIVE
DEVICE

specific elongation at break
equal to or greater than 5 %

Metallic material ® having a 8 12
specific elongation at break of
less than 5 %

4 Support system parts
impaired by wear ~and no
MECHANICAL PROTECTIVE

DEVICE (or back-up system of
multiple support system)

DEVICE
5 Support system paris Metallic material ® having a 2,5 4
impaired by wear ® and with specific elongation at break
MECHANICAL PROTECTIVE equal to or greater than 5 %
DEVICE (or pnimary system of
multiple support systems)
& Support system parts Metallic material ® having'a 4 &
impaired by wear “and-with specific elongation-at break of
MECHANICAL PROTECTIVE less than 5 %
DEVICE (or primary system of
multiple support systems)
7 MECHANICAL PROTECTIVE 2.5 4

* The TENSILE SAFETY FACTORS are intended to take account of conditions defined in 1537 (i e
environmental effects, impairing effects of wear, corrosion, matenal fatigue or ageing).

Case A = The material TENSILE STRENGTH and zall external forces to be expected are guantifiable
and known accurately.

Case B = Other than case A; specifically, the material TENSILE STRENGTH and all external forces io
be expected are known approximately, but not with sufficient accuracy to justify the TENSILE
SAFETY FACTOR for case A.

For non-metallic matenials, particular standards can prescribe adequate TENSILE SAFETY FACTORS
(see rationale in Annex A, Subclause 9.8).

Components considered impaired by wear include: chains, cables (wire rope), belts, jack screw
nuts, springs, pneumatic or hydraulic hoses, gaskets or rings of pneumatic or hydraulic pistons.
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Mesh Quantity

Result

Nodes (Pcs)

Elements (Pcs)

Max Von mises stress (MPa)

Reference mesh (M,)

VUIANY 1 1911

874,549 186,268 62.5
5wy ez 10 W)
Mesh convergence (M,)
Aaun 1
‘ 889,028 191,757 62.9
YUY 1/2 111 (0.5%)
aaun 2
. 920,462 203,740 72.87
VYUIANY 1/4 191 (0.25%)
MAUN 3
YUIAY 1/8 191 1,034,827 239,840 78.43
(0.125%)
Aauh 4
VUIRUUY 1/16 L‘Vh 1,079,356 265,223 65.087
(0.0625%)
MANUUANAN = | (M, - M, .....) / M, ) | x 100% 11.71%

2 everage
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DANUAVUIA 10 VL.

A
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DANUAVUIN 5 VU.

VAN 1/2 1911 (0.5%)

2 v' \
o,

YUY 1/8 1917 (0.125%) VWA 1/16 1911 (0.0625%)

~ v 9 an 4
319 3.32 gmsnaaeUMIgEIIVR IR AU

Max. Von mises stress (MPa)
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80
__ 70
& 60 » «
= 50 & ol | | E §
@ g 8 g g 8
g 40 —g8 : g g g
= 30 " " " W "
5 i
5 5 5 5 =
20 2 2 £ £ £
10 & H £ 5 :
O " ax ] 05X | 025 | 0.125x [ 00625X
Max. Von mises stress '
(MPa) 62.5 ' 65.09 A 72.87 78.43 | 65.09
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iWlunsa ss400 FuilutagifionlFaunly awnsatam Idnelulszma Tasnaaiianms

[ A A a L] @ A
ﬂﬂﬂlﬂ\i?ﬁﬂﬂmﬂﬂ(l%hluﬂ”Iﬁi’)’f]ﬂllﬁﬂ?llﬂi”l%ﬁlﬂuhlﬂﬂﬁ@]151\31/] 3.4 1A 3.5

A3 3.4 QUTVUANNNAVDITAR AL6061 T6

Material Density Ultimate Tensile Elongation at | Modulus of
Tensile Strength at break Elasticity
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