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ABSTRACT

This research focuses on the physical restraints for an aggressive psychiatric
patient. It improves the restraint devices used nowadays, such as chained timing,
durability, wrist-and-ankle restraint adjustment, a patient’s flexible movement in bed,
and prevention of patients-and unconcern people to unlock the devices.

The device is divided into 2 parts. For the first parts, there are four wrist-and-ankle
restraint straps. Each of them works in the same way as a lasso for quick release. It is
made of the 7075 aluminum and equipped with built-in wireless microcontroller, which
can be remotely unlocked with an application from smartphone. If the wireless
command is given to the device, the solenoid mechanism will be activated, and the
spring is pressed to unlock. For the second parts, there are four set of the adjustable-
strap storages. Each of them is mounted on a rail and made of the 1020 steel. Therefore,
the posture positions of the patient can be adjusted freely by pressing the lock pin on
the rail.

Comparing to the traditional-cloth straps, the research shows that this device
operates 4.93 times faster, and it has 2.43 times less friction. It is also able to withstand
force about 1.30 kilonewton. Moreover, the questionnaires review that the psychiatric
staffs of Prasrimahabhodi Hospital satisfied this device more than the traditional fabric

strap.
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AMANUAYEIUDIATU NodeMCU ESP8266



NodeMCU ESP8264 ESP-12E
WiFi Development Board

NodeMCU is an open source loT platform. It includes firmware which runs on the
ESP8266 Wi-Fi SoC from Espressit Systems, and hardware which is based on the
ESP-12 module. The term “NodeMCU" by default refers to the firmware rather than
the DevKit. The firmware uses the Lua scripting language. It is based on the eLua
project. and built on the Espressif Non-OS SDK for ESP8266. It uses many open
source projects, such as lua-cjson. and spiffs

Features

» Version : DevKit v1.0

*» Breadboard Friendly

» Light Weight and small size

» 3.3V operated, can be LUSB powered

» Uses wireless protocol 802.11big/n.

» Built-in wireless connectivity capabilities

* Built-in PCB antenna on the ESP-12E chip

» Capable of PWM, 12C, SPI, UART, 1-wire, 1 analog pin

» Uses CP2102 USB Serial Communication interface module
* Arduino IDE compatible (extension board manager required).
* Supports Lua (alike node js) and Arduino C programming language

PINOUT DIAGRAM

NodeMCU ESP3266 v1.0

é

| CE ! | P MM R e
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nARAapon*

el o

Source
https:/fiotbytes wordpress com/nodemcu-pinout/
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Front View

Front View

Specifications of ESP-12E WiFi Module

Wireless Standard
Frequency Range

Power Transmission

Receiving Sensitivity

Wireless Form
10 Capability

Electrical Characteristic

Operating Temperature
Serial Transmission
Wireless Network Type
Security Type
Encryption Type
Firmware Upgrade
Network Protocol

User Configuration

IEEE 802.11'blg/n

2.412 - 2.484 GHz

802.11b : #16 £ 2 dBm (at 11 Mbps)
802.11g : +14 £ 2 dBm (at 54 Mbps)
802.11n : +13 + 2 dBM (at HT20, MCS7)
802.11b : -93 dBm (at 11 Mbps, CCK)
802.11g : -85 dBm (at 54 Mbps, OFDM)
802.11n : -82 dBm (at HT20, MCS7)
On-board PCB Antenna

UART, 12C, PWM, GPIO, 1 ADC

3.3 V Operated

15 mA output current per GPIO pin

12 - 200 mA working current

Less than 200 uA standby current

-40 to +125°C

110 - 921600 bps, TCP Client 5

STA/ AP/ STA + AP

WEP / WPA-PSK / WPA2-PSK

WEP64 / WEP128 / TKIP / AES

Local Serial Port, OTA Remote Upgrade
IPv4, TCP /UDP / FTP / HTTP

AT + Order Set, Web Android / iOS, Smart Link APP
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AISI 1020 Steel, mock carburized at 915°C (1680°F) for 8 hours, 775°C (1430°F) reheat,
water quenched, 175°C (350°F) temper, 25 mm (1 in.) round

Categories: Metal; Ferrous Metal; Carbon Steel. AISI 1000 Series Steel Low Carbon Steel

Material Applications include parts in the case hardened condition where core strength is not critical, and for
Notes: shafts of larger cross section that are not highly stressed. Other uses include lightly stressed gears with

hard wearing surfaces and case hardened pins and chains

Key Words: UNS G10200, AMS 5032, AMS 5045, ASTM A29, ASTM A108, ASTM A510, ASTM A519, ASTM A29,
A108, A510, A512, A513, A519, AB44, AG75 M10120, AS76, AB35, AG59, AB27, A830, BS 970 040A20,
050A20 (En2C), 050A20 (En2D), 060A20, BS 970 Part 1 070M20, DEF STAN95-1-1 C1020, SAE J412,

SAE J414, DIN 1.0402, AFNOR CC 20, UNI C 20, SS14 1450 (Sweden), SAE J403

Vendors:  No vendors are listed for this matenal. Please click here if you are a supplier and would like information
on how to add your listing to this material

www.matweb.com/search/datasheet_print.aspx Tmatguid=892bd4bd8254b3ad¢ 7dd35643a3058b

Physical Properties Metric English Comments
Density 7.87 glcc 0284 Ibiin® Typical for steel
Mechanical Metric English Comments
Properties
Hardness, Brinell 179 179
Hardness, Knoop 200 200 Converted from Brinell
Hardness, Rockwell 88 88 Converted from Brinell
B
Hardness, Vickers 188 188 Converted from Brinell
Tensile Strength, 600 MPa 87000 psi
Ultimate
Tensile Strength, 370 MPa 53700 psi
Yield
Elongation at Break 23 % 23 % in 50 mm
Reduction of Area 642 % 64.2 %
Modulus of Elasticity 186 GPa 27000 ksi
Bulk Modulus 148 GPa 21500 ksi calculated from elastic modulus and Poisson's
ratio
Poissons Ratio 029 029
Shear Modulus 720GPa 10400 ksi. calculated from elastic modulus and Poisson's
ratio
Izod Impact 1oJ 811 ft-lb
Charpy Impact [l 16.9J 125 filb
@Temperature -30.0 °C @ Temperature -220"F
18.0J 133 b
@Temperature -160 °C @Temperature -0.400 °F
200J 14.8 ft-Ib
@Temperature -3 00 *C @ Temperature 26.6 °F
2404 17.7 ft-lb
@ Temperature 10.0 *C @Temperature S0.0 °F
41.04 302 fi-lb
@ Temperature 38.0°C @ Temperature 100 "F
540J 398 ft-Ib
@ Temperature 65.0 *C @ Temperature 149 °F
61.0J 450 ft-Ib
@Temperature 95.0 °C @Temperature 203 °F
680J 50.2 ft-lb
@Temperature 150 °C @Temperature 302 °F
Electrical Metric English Comments
Properties
Electrical Resistivity 0.0000159 ohm-cm 0.0000159 ohm-cm condition unknown
ﬁn @Temperature 0 000 °C @Temperature 32 0 °F
0.0000219 ohm-cm 0.0000219 ohm-cm condition unknown
@Temperature 100 *C @Temperature 212 °F
0.0000292 ohm-cm 0.0000292 ohm-cm condition unknown
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Thermal Properties Metric English Comments
CTE, linear m 1.7 pmlm-‘C 6.50 pinfin-*F
@Temperature 200 - 100 °C  @Temperature 68.0- 212 °F
12.1 pm/m-°C 6.72 pin/in-°F
@Temperature 20 0-200 °C @ Temperature 68 0 - 342 °F
12.8 pmim-°C 711 pinfin-°F
@Temperature 20.0 - 300 *C  @Temperature 68.0 - 572 °F
13.3 pm/m-°C 7.39 pinfin-*F
@Temperature 200 - 400 °C @ Temperature 68.0 - 752 °F
13.9 pm/m-°C 7.72 pinfin-°F
@Temperature 20.0-500 °C @ Temperature 68.0 - 932 *F
14.4 pm/m-°C 8.00 pinfin-*F
@Temperature 20.0 - 600 "C @ Temperature 68.0 - 1110 °F
14.8 pm/m-°C 8.22 pin/in-°F
@Temperature 20.0 - 700 *C @Temperature 68.0 - 1290 °F
Specific Heat 0.486 J/ig-°C 0.116 BTUMNL-*F condition unknown
Capacity E] @Temperature >=100 °C @Temperature >=212 *F
0.519 Jig-°C 0.124 BTU/Mb-°F
@Temperature 150 - 200 °C @ Temperature 302-362 °F
0.599 Jig-°C 0.143 BTUNb-*F
@Temperature 350 - 400*°C @ Temperature 662 - 752 “F
Thermal Conductivity 51.9 Wim-K 360 BTU-in/hr-ft*-*F Typical steel
Component Metric English Comments
Elements
Properties
Carbon, C 047-023 % 0.17.-0.23%
Iron, Fe 9908 -9953 % 99.08-99.53 % As remainder
Manganese, Mn 030-060% 0.30 - 0.60 %
Phosphorous, P <= 0.040 % <= 0.040 %
Sulfur, S <= 0,050 % <= 0.050 %



Aluminum 7075-T73; 7075-T735x
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Categories: Metal, Nonferrous Metal; Aluminum Alloy; 7000 Series Aluminum Alioy,
Material General 7075 characteristics and uses (from Alcoa): Very high strength material used for highly stressed

Notes: structural parts. The T7351 temper offers improved stress-corrosion cracking resistance

Uses: Aircraft fittings, gears and shafts, fuse parts, meter shafts and gears, missile parts, regulating
valve parts, worm gears, keys, aircraft, aerospace and defense applications

Data points with the AA note have been provided by the Aluminum Association, Inc. and are NOT FOR

DESIGN.

Composition Notes:
A Zr + Ti limit of 0.25 percent maximum may be used with this alloy designation for extruded and forged
products only, but only when the supplier and the purchaser have mutually agreed.

Composition information provided by the Aluminum Association and is not for design

Key Words: AA7075-T73; AAT075-T735, UNS A97075; ISO AlZn5.5MgCu; Aluminium 7075-T73; Aluminium 7075-
T735x; AITO75-T73

Vendors:  Click here to view all available suppliers for this material,
Please glick here if youare a supplier and would like information on how to add your listing to this
matenal
Physical Metric English Comments
Properties
Density 2.81 glec 0102 Ib/in® AA; Typical
Mechanical Metric English Comments
Properties
Hardness, Brinell 135 135 500 kg load with 10 mm ball. Calculated value.
Hardness, Knoop 120 120 Converted from Brinell Hardness Value
Hardness, Rockwell 505 505 Converted from Brinell Hardness Value
A
Hardness, Rockwell 82 82 Converted from Brinell Hardness Value
B
Hardness, Vickers 155 155 Converted from Brinell Hardness Value
Tensile Strength, >= 462 MPa >= 67000 psi Sheet
Ultimate
505 MPa 73200 psi
[ 41.0 MPa 5950 psi
@Temperature 371.°C @Temperature 700 ‘F
55.0 MPa 7980 psi
@Temperature 316 °C @Temperaturs 601 °F
76.0 MPa 11000 psi
@ Temperature 260 ‘C @ Temperature 500 ‘F
110 MPa 16000 psi
@Temperature 204 *C @Temperature 399 *'F
214 MPa 31000 psi
@Temperature 149 °C @Temperature 300 'F
434 MPa 62900 psi
@Temperature 100 *C @Temperature 212 °F
503 MPa 73000 psi
@ Temperature 24 0 °C @Temperature 752 °F
524 MPa 76000 psi
@Temperature -28.0 °C @Temperature -18 4 °F
545 MPa 79000 psi
@Temperature -80.0 °C @Temperature -112 °F
634 MPa 92000 psi
@Temperature -196 °C @Temperature -321 °F
>= 441 MPa >= 64000 psi Plate; T7351
@Thickness 63.53-76.2mm  @Thickness 2501 - 3.00 in
>= 455 MPa >= 66000 psi Plate; T7351

@Thickness 50.63 - 63.5 mm
www.matweb.comvsearch/datasheet_print aspx?matguid=6653b72914864cc0a0li7adfSb 720167

@Thickness 2.001 - 250 in

14



>= 476 MPa

@Thickness 6.35 - 50.8 mm

Tensile Strength, >= 386 MPa
Yield

435 MPa

>= 338 MPa

@Thickness 63.53 - 76.2mm

>= 359 MPa

@Thickness 50.83 - 63.5mm

>= 393 MPa

@Thickness 6.35 - 50.8 mm

| 320 MPa

@Strain 0.200 %,

Temperature 271 "C

45.0 MPa

@Strain 0.200 %,

Temperature 316 “C

62.0 MPa

@Strain 0.200 %,

Temperature 260 "C

90.0 MPa

@Stain 0:200 %

Temperaturs 204 °C

186 MPa

@Strain 0.200 %;

Temperature 149*C

400 MPa

@Suran 0200 %,

Temperature 100.°C

434 MPa

@Stain 0,700 %,

Temperature 24 0-°C

448 MPa

@ Strain 0.200 %

Temperature -28 0 °C

462 MPa

@Stan 0.200 %.

Temperature 800 *C

496 MPa

Elongation at Break
13%

14 %

@Temperature' -80.0 *C

15 %

@Temperature 100.°C

30 %

@Temperature 149 °C

55 %

@Temperature 204 °C

65 %

@Temperature 260 "C

70 %

@ Temperature 316 “C

70 %

@Temperature 371 °C
>=6.0%
@Thickness 50.83 - 63.5mm
>=6.0%

@Thickness 63.53 - 76.2 mm
60-70%

@Thickness £.35 - 50.8 mm
13%

@Thickness 1.60 mm

Modulus of 720 GPa

www.matweb.comsearch/datasheet_print aspx?matguid=6653b72914864cc0a0f7adfSh720167

>= 69000 psi
@Thickness 0.250 - 2.00 in
>= 56000 psi

63100 psi

>= 49000 psi
@Thickness 2.501 - 3.00 in
>= 52100 psi
@Thickness 2001 - 250 in
>= 57000 psi
@Thickness 0.250 - 2.00 in
4640 psi

@Strain 0.200 %,
Temperature 520 °F

6530 psi

@Strain 0.200 %,
Temperature 601 °F

8990 psi

@Strain 0.200 %,
Temperature 500 °F
13100 psi

@Strain 0.200 %,
Temperature 399 °F
27000 psi

@Strain 0.200 %,
Temperature 300 °F
58000 psi

@Stran 0:200 %,
Temperature 212 °F
62900 psi

{@Strain 0.200 %,
Temperature 752 °F
65000 psi

@Strain 0200 %,
Temperature - 184 “F
67000 psi

@Strain 0.200 %,
Temperature -112°F

14 %

@Temperature -112.°F
15%

@ Temperature 212 °F

30 %

@Temperature 300 “F

55 %

@Temperature 399 °F

65 %

@Temperature 500 *F

70 %

@ Temperature 601 °F
70%

@Temperature 700 °F
>=6.0%

@Thickness 2001-250in
>=6.0%

@Thickness 2.501 - 3.00 in
60-70%

@Thickness 0250 - 2.00 in
13%

@Thickness 0.0630 in
10400 ksi

Plate; T7351
Sheet

Plate; T7351
Plate; T7351
Plate; T7351

Sheet

Plate; T7351
Plate; T7351
Plate; T7351

In5cm

Average of Tension and Compression. In

56
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Elasticity Aluminum alloys, the compressive modulus is
typically 2% greater than the tensile modulus
Poissons Ratio 033 0.33
Fatigue Strength 150 MPa 21800 psi
@# of Cycles 5.00e+8 @# of Cycles 5.00e+8
Fracture Toughness 20.0 MPa-m¥% 18.2 ksi-inz Plate. K(IC) in SL direction
20.0 MPa-m¥: 18.2 ksi-in'z Plate. K(IC) in T-L direction
22.0 MPa-m% 20.0 ksi-in' T7351; Plate; S-L; average
209 -23.1 MPa-m¥% 19.0 - 21.0 ksi-in%: T7351; Plate; S-L
231 MPa-m% 21.0 ksi-in'z T7352; Forgings; S-L; average
20.9 - 275 MPa-m*%: 19.0 - 25.0 ksi-in%2 T7352, Forgings; S-L
253-286 MPa-m'% 23.0-260ksi-in% T7352; Forgings; T-L
27.5 MPa-m¥: 25.0 ksi-in¥z T7352; Forgings; T-L, average
27.5-363 MPa-m: 25.0-33.0 ks-in*2 T7351; Plate; T-L
31.9 MPa-m'%: 290 ksi-in'2 T7351; Plate; T-L; average
320 MPa-m% 291 ksi-in'a Plate. K(IC) in L-T Direction
33.0 MPa-m%: 30.0 ksi-in'2 T7351; Plate, L-T
34 1 MPa-mY: 31.0 ksi-in'a T7352; Forgings; L-T; average
29.7 - 385 MPa-m¥% 27.0 - 35.0 ksi-in%2 T7352; Forgings; L-T
Machinability 70 % 70% 0-100 Scale of Aluminum Alloys
Shear Modulus 269 GPa 3900 ksi
Shear Strength 300 MPa 43500 psi Calculated value.
Electrical Metric English Comments
Properties
Electrical Resistivity 0.00000430 ohm-cm ~ 0.00000430 ohm-cm
Thermal Metric English Comments
Properties
CTE, linear k] 21.6 pm/m-°C 12.0 pinfin-°F
@Temperature -50.0 - 20.0 *C @Temperature -58.0 - 68.0 °F
23.4 ym/m-°C 13.0 pinfin-°F
@Temperature 20.0 - 100 °C @ Temperature 680 - 212 °F
23.6 ym/m-°C 13.1 pinfin-"F AA; Typical; average over range
@Temperature 20.0 - 100 °C  @Tenperature 68.0 - 212 °F
24.3 pm/m-*C 13.5 pinfin-°F
@Temperature 200 - 200 *C  @Temperature 680 - 392 °F
25.2 pm/im-°C 14 0 pinfin-°F
@Temperature 20.0 - 300 *C @ Temperature 68.0- 572 °F
Specific Heat 0.960 J/ig-°C 0.229 BTUNL-°F
Capacity
Thermal 155 Wim-K 1080 BTU-in/hr-ft>-°F
Conductivity
Melting Point 477 -635.0°C 890 - 1175 °F AA; Typical range based on typical
composition for wrought products 1/4 inch
thickness or greater. Homogenization may
raise eutectic melting temperature 20-40°F but
usually does not eliminate eutectic melting.
Solidus 47F°G 890 °F AA; Typical
Liquidus 635.0 °C 4475 AA; Typical
Processing Metric English Comments
Properties
Annealing 413°C 775 °F
Temperature
Solution 466 - 482 °C 870 - 900 °F
Temperature
Aging Temperature 107 °C 225 °F two stage treatment - second stage 32556 ul;;r
Component Metric English Comments
Elements
Properties

www.matweb.convsearch/datasheet_print.aspx?matguid=6653b72914864cc0alf7adfSb720167
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Aluminum, Al 87.1-914% 87.1-914% As remainder
Chromium, Cr 0.18-0.28 % 0.18-0.28%
Copper, Cu 12-20% 12-20%
Iron, Fe <=050% <=0.50 %
Magnesium. Mg 21-29% 21-29%
Manganese, Mn <=0.30 % <=030%
Other, each <=0.05% <=0.05%
Other, total <=0.15% <=0.15%
Silicon, Si <=040% <=040%
Titanium, Ti <=020% <=020%
Zinc, Zn 51-61% 51-61%
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