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Development of a modular mechanical water-saving system
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A5 2 PSS HEHOR MAT F du AR A9 glo] 4A AANCE AEse A5 Ax
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ol o9 G ALE Anda. § Aege FEgad 2 g s A da gl
B oAoke %

Abstract: In this work, we aim to develop and fabricate a water-saving mechanical system that can be
installed to various types of facets in a modular way and operates in a fully mechanical manner without any
power supply so as to ultimately save the energy usage. The developed water-saving system can provide
more efficient water saving functions than the existing products, enabling the controlled water usage for the
optimal time. In addition, this system allows for people to recognize how much water they use. The
water-saving system is mainly composed of a housing, a drive-gear, middle gears, a driven-gear, and a
escapement, and the water supply time is secured by a multi-stage gear and a escapement. This system can
be installed in public places without the need for large costs and time and it is expected to contribute to
save water and energy as well as to improve users’ awareness for water-saving.
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Fig. 1 (a) Electronic water saving module, (b) push-type water saver in bath house

and (c) push-type water saver
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Fig. 3 Modeling of modular mechanical water saving system
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Fig. 4 (a) Torque measurement system and (b) Labview software and block diagram

Table 3 Torque measured depending on the number of rotations

13](N-mm) 23] (N-mm) 33](N-mm) 43](N-mm) 53] (N-mm) 3+ (N-mm)
1914 82.7356 80.8652 79.7657 83.0663 82.3333 81.75322
38} 92.9725 90.4027 90.0362 94.4384 89.7356 91.58224
5} 108.747 104.711 102.876 101.410 101.777 103.9042
109} 131.493 132.959 131.860 127.458 130.758 130.9056
E271011
25710

Fig. 5 Bevel gear set 1
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Table 4 The characteristic of bevel gear set 1
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Fig. 6 (a) Driving gear ansys analysis stress, (a) Driving gear ansys analysis moment

Table 5 Mesh of drive shaft
mesh size 4.1041 mm (default)

control mesh size 0.1 mm

nodes 122,270

elements 81,713
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Fig. 7 (a) Driven gear ansys analysis stress, (b) Driven gear ansys analysis moment

Table 7 Mesh of driven shaft

mesh size 1.6951 mm (default)
control mesh size 0.1 mm
nodes 125,617
elements 84,681
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Fig. 8 (a) middle gear and spring case, (b) Bottom view of middle gear

Table 8 Gear specifications in Fig. 8
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Fig. 11 (a) Location of escapement, (b) Wheel & pallet and (c) Pallet design
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Table 9 Dimensions of pallet

1.D Module inner diameter (mm) 62
W.D Wheel diameter (mm) 38.891
D Pallet - Wheel distance (mm) 275
P.D Pendulum diameter (mm) 7.0
P.A Pitch angle (°) 45
AA , DA Adendum angle & Dedendum angle (°) 24
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Fig. 13 The operation of the escapement

2= the7]of[Fig. 14.(b)o] A
4, 71°l5= T H T Zhzhe] T]ojul=

- 281 -



Fig. 14 (a) location of multi-stage gears, (b) wheel, gear5 and multi-stage gear
Table 10 Gear ratio

s ] N 7] 014
4 710}5 - 7]oj42 19:17 0.895
3 710141 - 7]°] 32 8:15 1.875
2 71013-1 - 7]¢] 222 8:15 1.875
1 71012-1 - 7]°f1 9:27 3
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Fig. 15 Five pairs of gears

(3) Main spring 247

- 71011

— A

s -1E S

- F2l0]

™

|

Fig. 16 (a) Location of main spring, (b) assemble of gearl, cover, spring case, middle gear.
(c) modeling of ratchet gear and (d) torsion spring & spring case

- 282 -



M fo o

2T Fig 16(b)9F 2ol 2xgAlo|ze] Ajtslo] glal, ~xgolae g2 G, o=
F71oleh AR Wl Aol FxEN 7|0l ol#= Fig. 16(c)9t Zol A3 = grEd
o] Fig. 159] 7]°] 1~5, wheel®] 93| WA|al7] fIgho|th wheba] 232 S 7HS wl= 7]of19]

AstA] A, ~xo] F9 wji= gi3lo] e 7]o1~59F wheel= ¥ 3 WITh Fig 16(c)= =
GAo] 2ol 7 AZH S HWA B Apzlelt),

251 AF=A

D ARE wES W FrelA HHe] 9%, FE) AL Bageh 7 sloit UT Ho
ZH7)01sh ole] Zhe] wAlstel A R @dol WAT & vk DEAEe] &Y FAw @7
o)
oA

of gee WA Y= o] A7 AAE soF

2) BES o]&d MBuE d & B ~22g Aol U Fow Wus s Bd=e] =
|31A] kol Zo] A% YA HE Wi, AXyo PaJo] YT Z A9 Wy A F g 23
= EAH] ot

NYE F L 5 F LHE A, FAE FAA I AS FEd vpFo] A wkd FAE A
T AG, BE L AE i 84 Atole A 9 HFo] YA gttt

2.5.2 At
1) Ak 1 8

A "ok 3D BdlE tool¢l InventorE &3l U, TE7]ole} T30 agE
AIHFE A9 x H

?—% Abgehsith AR mdYd) 3D ZE E9e WHEHoR Alshs
71ojnl et @3-S AAE I

d 2ZHS F BEAs SAs O F shvE A

715 710 vlE A3 A g ZAE 25Tt

trial&error HH2]
2) Az

S
) Aol Al oz ©
of, s 2= %‘cﬂ =4 =

V|Eo R

Y Ak 3 i Wkl s 2l Alolell G dkz 1k HpTge ARSSIe] o] gloft= s Fhee] nRkE: S oR E5i:

3. 21

o
tm
lo

31 3 AAE 2 FF 99
3DEHY S T3 HF AAES ©22 Fig 17 #o] A#sAdth Fig. 17(b)ye AA & 3342
o Aza Alxlolr)

Fig. 17 (a) Product, (b) Fastening product to the faucet
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Fig. 18 (a) valve opening process, (b) valve closing process
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