4965 i (9 AL g JUIS Aoy 50 aAliltio OLILRI Y () a0 S 30 (glaxio 593l g ! S (w3 39

" 53 | pnans o gualle Sl sne g8 ala b

LR
4.;‘,43Mql&sd\klc_\wf‘}qu?‘,:r.,\f—}A‘,.'Zsarlqu'lQl;f)lféljdla,?u@\ﬁ:ﬂﬁadﬁbs)t{‘sh@aﬂ;cw)sq,@Lsur:«?n:j)\f:@a&c
WQ&WJ‘J;L{)A&‘WJ)?Y}ﬁ‘ULLu:.:.-ig}.l.hlaj..p\;-A.-JU:.nL))Ja_..Au.LJJbb;@QT&\f'}iﬁJ:jw)\}\u.\:sjubswLA&;‘j:SLgLA‘JZ}J}
3,8 plondl s (gl A8 inn 3 48 (e DB RIS 51 4 568

Sy o 5 ol I8 i 31 JUST ¢l ls & 54 (Heating, ventilating and air conditioning) HVAC g5 550 o (o anlllas ol s i 95
w38 oy o5Ys 5 6,5 I 45 i e ok Jize il 28l 505 S g op b 5 JUIT 6 3 il et

23 (poe .:ﬁdéjl)}:w):)._iGiw)l)jyjﬁlﬁbaj;&ij#Twzyup PV aids 593 YOAY o 53 o Ol Cepw SRalS Ol HEY )
uﬂuulf):)y'y)}_lj;‘b):wwﬂ&;;wg,@:ﬁ)pn“ Lghgaﬁ):)&\sdilﬁ)lgpﬂ&n\f):ngﬁ)%ﬁﬁ?)‘,?\.};}a_lylishuﬂ
b odalin bl

Ol 5 (Sl glmle codd )y 5k a1 o8 3)ls (o5 G (58 o 53 Lah a8l & oS SVT e (sl (St 5 Y50 5l eslinal 106 " 4ot
58 eslizal L) 2alS 53 (g 5 ge dhows Ol gt 4 LOT 51 015 oo coijlu esle s 25

)}?y’k\ JUs R B "Su\ﬂ.lr ‘Slﬁb}"j

e ca RS e (8 4l 9 JUIS a3 alitie SLILS,)| a0 (BB 55 (lasdiuo 595V 5l GBS (w2 o SIS M plidgiaic 0lajd aoms 93 16l ]

[ Downloaded from hsr.mui.ac.ir on 2026-02-07 ]

WAR/A/Y+ alie Bl

5 S oo 53 ey i glagly 5 o pBbord dn ey eslias
53l s (dge i) (B yme )3 231 (58,5 )15 el ol Sl
(M) >3~ (Hand-arm vibration)

b NIOSH) I ol b cdligg 5 on) Lo (gl VAVE Jlo 5
o35 (National Institute for Occupational Safety and Health
Iy aitn Jad (3] (500 50 85 pselee A ol gilio )3 &l 03
ol g o plas Lale)l (5 yme )3 485 aslee VY 5 FIA (i 4 dlaws oyl
byl gm0 B b ()l slalesme g mlio (5 () L)l )8 5L —cuwd
2 Uikl g o Lol agas oo ookl (LSS (gl 005 (sl o drusro
5 Ast e hliee il e (Slb 4 g pis 4 o Gl it
(V1) 2350 Mg cculio J 8 slagsb,

ol diwd 93 Cariio jd 48y JLS & dord (slbpiiunw wlas b &
by e )3 045 (59l (slsp gy el o (SUPPIY SYStem) Wge piues
4 S (Exhaust system) os S 456 L oo piumw 9 395 o LS
il Ay & 4155 S o 455 1y S Lame )3 0 55 (slaosyY]

S bl Jed Jol ss 0,8 base (clon cuS” 48T jolate o

FAF-FAA (F) V) AVRF Caadlos plis liios

WAE/F/YO tlie ol s

doudo

S Mgy LS B 5 Jo> 9 (05ysliS et 3 el (ile log
ol dloul aliilesyl ol g o ol )l (S yme o sl (18,5 5,8 cely
Wlgi o 9 33,5 o 2l)LS el Cage g oy bl p3 M) o
9 3 038 a5 Jelge Sl opizman )30 S0l el g (M )
5 el e o i Jo> (Sl <8 0 4 o5 el

(V=) ol ol loj 5 wilS )8 (olomls a8 () Glasuin
—= la ) oS wes o olis (ol 5 sb ol gl aie ) cldlae
7= 35 5 S5 s 3,Skae )3 1S guedS (B)5S o (Bgye
s 151 (6 plie 4 glodme S o 10l 5 (0) (U5 Jto A s
Glaalls 3 asb o (ila)l U dgalse I sl YMBI 1 (F) Lol
apaloe oy 48 cwl (mlio dlon jl (1 mlio a5 005 o)l
ol (sLmosi S 1 Ladls slagely (V) 395 0 sanlie oo 53 o))
Gob  oas e bl a5 395 e el alons gdly Cusgy oy &5
slaSw Jso olaylil (8) 555 Spd (awy (wlS )3 0400 )d Cauwd

Oyl okl (lediol (Kb pole oKl cubligg 0aS0isly ((glad s Cubligy (wlige 09)5 jlbwl -
ol (ool (lhaol (S pale oISl cublagy 0aSLily ((g1ad > Cubling qwdige 05,5 W)l yolid)lS Y

Email: |_maghsudian@hlth.mui.ac.ir

Obogaie S 1 Jgfums odium g

WA o} ¥ olad 1V Jlo [ uaMlo pllss s oo

sa¥

WWW.Mmui.ac.ir


http://hsr.mui.ac.ir/article-1-823-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-07 ]

Jb&w;w\?uf)}:h}

Dgd g0 (S

JCRWSL
P o 1 8 me 59,5 iS58
Fp sy b ()3 Ry

1
f, = 4.98\/8:5t

_ (1+T7)24.8
8t = e

33,5 o lg Al b 4 &S S bl Sl Gadle ()59 ead b
el Cowd dy daly cpl b 8 pa K oy w39 0 Al

Wmp

k =
8st

Facsbo p (s s 8 ps K

o s p 0j9 Winp
ool o & Wb 658 sl yg Yl wile (e Clxio gy Sl
Py s bl (Se¥ eVl g9 Sl (obule

Coger oo y5 Vg3l (358 L) dslne g (B s ps Jioms ]
5 0 odlawl (S o 5¥o3l jladllas (pl 303,80 e liles)l S
B9 e ) (b G (EalS 3 (Saw )5Vl 3l als s o

Lyaidls

Lwgi o] (clacie o dlasi 45 39 (65970 (45 caslllae ol y3 odlizul 3,90 43
ERVISRIPE PR Py JEISUREST < KU R PRUSR WP SV 2 KV OIS i)
el i g 8 mls SlauilS 3 ) s s 0B 4l 9 JUK
A3 ee oLt |y y95¥ gl

Aoy adite (Sl Copw @Sl e (bl Ce g jlade STlis
site glacas s g ol Lol 3 )3 agd plass 8 4L 5 JUI
9 4By 593 YOAY Gy d VN X V2T 53 5l B py y9d Fov b YOAX
195 ial3l L 09 4553 3 93 Ave Gy VIO X VT 4T e o yiaS
(0 50 Loadl dwnlio L.l ilial 48 jd bl ce yu Jlido ddBs jo
Al Cawd 4y jlre Hlade I yiaS 3 olad)) slacie o Hlade

o j) aditte 3Lyl S > (S )5Vl b adllls ) >
oY 95¥gnl il pelate ol gl 45785 8 () )50 5y9ee
Ol D9 oo 0nlio ¥ gV (sla S5 50 &S job lad Cuwl oad odlail
A4S D90 Lo )d £V A By p 590 YOA+ Caspuo )0 (93 (Lble)] s puo ialS
e Bl (58 3l 493 e 2 35 U6, )5V gzl b i
o £ 15U s aiBs 1y yed YEer g Y0+ clacie o 3,5 Vo5
Al s 1y s 2e8 585 5ol cslaygs 3 g bl

Sl s aos dblezile 1o o ol sladads j1 LSo (1) 39,00
el Laoa i g b JUS (0 sl (oo iy anl o308 sloppine
LU a5 cieipan 2550 Sl Lagms &y o i 5 o 135
03 S 3l (286 il )| 5 JUIS alaie a5 <] 2 0Dl g (el
3 egas a9t Slapius (V) wilioe o dge wlia 105 jllgn b y> 5
G ol Coronl sl din g 5l ens Wy sl ol oBass
Ll )| 03ga5w0 b dunlie g piumw 3,515 dlawly 4 &5 s W) wlils)|
apoaimd lil glio gy 5 Lkl Jlim] Comsy cnizzen § Jgb 5
T P R R

oSl by sl ¥l 51 et (sl ) S slael, 1 LS
Sed g dtyog (3 slayid o St Slrio Lol 050,
9 35 0 5l (S slaygVgnl (uilS )3 o390 (V) il 0
Oz )l 3929 35 Yl 5 Gl slaul 3 3 ol 5 Slos g 555 0
RiVIN adlae (V) cowl Lol o) Coms 4y o b ygiVo sl ol oo
Sl i jlodliil b sl oY g5l @)lge 5l (6l jo &8 2l lis
Gl 0is] Cd 4y e dloiel B o (LS a5 1S g b ey
29l Cewd 4Vl ol b5 JUb st Bl b lioe ) gVl el oS
ol b (Saw¥ )g¥opl (olye 5 (o (o) 4 (550 ddlllas (VD)
15) caby Bl slaces

JUsl pas g Sliaed e 0 Slas | Gliebl S’ Coonl 4 255 L
iy ol adllae plool ) Ban dal ssimd il (o g g clils)|
B (a5 Lyl el g ite (1 9 0 2l i) e
lsles)) (aals gl angd s SLBLS)| ]S )3 (glaio ,5Y 5]
b Pl s (Slio S (pioren 9 498wl

Lagdis,

HVAC g5 jladllae )50 pimw (o Llo aalllas o, ]
51 JUK )l &5 5q (Heating, ventilating and air conditioning)
Srg>e (1 9 piashe <15 @upe yro il Yo x ¥e sl 4y 03lgJST i
4 8l s JU @y ;5 1SO14695 5 )ikl gulo i)l Jiotuw g
i e B 50 Bl g 385 e 3 G Ji (slo S
o2l wl b g b cuas JUIS (g9 o Tt v yilas )] ol&iwd 4y bgyye jguunian
a ilssy) ey 4y bgye IS Matlab version 7.12.0.63 il 5l
A gy AEBd 4y 190 Foo=YOA clacie o & 8 5l 493 o (gl ol Cund
35 b ()] g g oy Lopye JjBle ) gt SIS B> &9

Jae) yiesS L5 ol b gy oy 8 (slaygd sliws a8 canl S5 4y p5Y
g b)) 4y dagi b dagg,uSojul §) i 6,05l (DT-2234B
3 yslil (5l ey L odel s 4 clamoshy (JU w53 o
20,5 duslie

slagle 8o 1553l 5 izl (5 JS sloisy ) (S
0855 i bl (oY aombio b (658 £95 5 daghd e 53 LOLS)
Oz Vgl )3 grge (S (1S (pdle (g o yd Ar (igeV gl
=5 SYolae jloolitwl b 0,8 oo 513 ol (g9, p oo 45 bli5 dlass

740

yyay uL.A-uA) 1% o)l [V JL» [EwoMus f’M i el

WWW.Mmui.ac.ir


http://hsr.mui.ac.ir/article-1-823-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-07 ]

4 58 e jlyb&uw)\v;ag);)jyj}i\v@

$laados 45Y g5l coaad jama g Jud (8 5 Alide sl gu Ha 5y 900 (8 o (oilald ) Cae peu ) Jgun

do 53 98 | (0B 53 jie) glaadin 93T gl gl i S Sse e

(405 52 se) glaades ) 3Y 953l sl 5l was as puus

YOA- YA x N AN x N8
Y- - vAax " Vi Xy
Y- VA XN VA x N8
Y. Vi xyTT Vxy.®
Yoo qxy.7° vxy.®
VA - q xy.° A xy T8
\Feo q xy.° JAe x )8
Y- Axy? FIAX NP
\Y- - Ax e FIAX\T?
Ve Vo x\-® Bl X\

Vo x - ° Bl Xy

VIO x \ FIEx NP

S =il oo (LS )3 (6 iy Hlsa 55U Hg Vo3l YU clacs pu

48 ol 5 JUK asn > ALl loris ooy byl adllas
U e ity At e 4085 s 1 GB1) Jlil sla S
Gglaie (glaygd 1> ¢ pmicron b odalin 48 51 YL (sbaygd )3 )55l
aslas Uy aS el oad oad Sy He¥enl j olite il (b 5l
Slogas 45 1S o lgie DICKENS .45k o suwen (YY) Dickens
by (Soliwl )L a3 5 555Vl w515 Cans b il )l 3l
S G g SetwY paie ey JLS G b ol 4 g 8L
B g =l slp o3l Jae 41l L Song ¢ Han (VYY) clsy,
e g (B g (e e sl o ol (L ((SY Bale
(VA) 51> 339 wilSy8 4 atels

Sixte sl JiKews b oo ,o0 oy 4 Kari 4 Sjoberg adlls
o5 bl glcdby oad  (Sa¥ Gle (2l 5 (B 55 2
L yosVnl 5l jieS o0 slaatels )3 95¥a !yt b il sl
yeS (B Ly sVl ) it Sy b shaely 3 9 Y (5
(V) 254 o3l

2 Sy Ha5¥enl 5l eslaiwl a8 a0 s ysls a s
oolol a5 ogd ol s e > byd dile SogS &Y ile
3 olsSse oxijlas odbe (53,48 (e 9 (Sl (lmle 9 023 3)ly )L
g ookl bl JhalS )> (65350 dluog lais 4 by

L g 35 g0 Slgie JUI 5 08 5l cilisee glgil 55 (oll ot
3 ealiul U ¢ piomad g 93,5 duglio bgspe 3 ikl b dol £45 0 avg5
S9-bee Jitte JUI 5 (15 35k 1 48 (i pled g 93l 5 s s3]
dges pasude (LU 6655m S9p gk 1y 23l dlye plise

‘;“J‘)ﬁ 3 ’S-I-H-‘;“
0955 (S50 59l o5 Jelse oS iulojl Jghoma 5 At alansg (3
Oledol (Ss pole o8 il cuiligy 0aSiily (gl 8y Cudligy wiine

)g:\_v 2 (wgmRo U"‘b‘j «4_3.&5) 09 Yooo )‘ )JLril) L;Lhu.c).w 29 caily
AEBY 4y 190 VOA ey )3 (6y92x0 (b bl ey &S sl Matlab
3o 5 |y (S )5Vl (0 S 4 jlam 5 U5

X 10 Vibration Velocity Measurement
Z2 B
£
=
=3
=]
2
=,
2
£
g1 7
o e il bede | L
o S0 100 180 200 280 300

Frequency Hz)
299 YOA L &g guu ju (A gal (5590 (8 o (oebilad )l G g N JSD
Sl 95Y 95l Qg OIS 4 ) S Sy

%10 Vibration Acceleration Measurement

Vibration Acceleration (m/sz)

0 50 100 150 200 250 300
Frequency (Hz)

ABiSs 43 599 YOAT a8 g j3 (5 930 (B 3 ol ) e peu Y JSiE
Saead 5 93Y 93l Ga g IS @ 5 ey

WA o} ¥ olad 1V Jlo [ uaMlo pllss s oo

14Yd

WWW.mui.ac.ir


http://hsr.mui.ac.ir/article-1-823-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-07 ]

Jb&m,w\?uja))é:b\jé

References

1. Mansfield NJ. Human response to vibration. Trans. Nasiri E. Tehran, Iran: Islamic Azad University; 2008. [In Persian].

2. RayKacha Ch. Application of ergonomic principles in designing ergonomic hand tools. Trans. Yosefi H, Sadeghi M. Tehran,
Iran: Fanavaran Publications; 2005. p. 125. [In Persian].

3. South T. Managing noise and vibration at work. London, UK: Routledge; 2004. p. 80-5.

4. Sullivan JB, Krieger GR. Clinical environmental health and toxic exposures. Philadelphia, PA: Lippincott Williams and
Wilkins; 2001.

5. lIshitake T, Miyazaki Y, Noguchi R, Ando H, Matoba T. Evaluation of frequency weighting (1SO 2631-1) for acute effects of
whole-body vibration on gastric motility. J Sound Vibration 2002; 253(1): 31-6.

6. Palmer KT, Griffin MJ, Syddall HE, Pannett B, Cooper C, Coggon D. Exposure to hand-transmitted vibration and pain in the
neck and upper limbs. Occup Med (Lond) 2001; 51(7): 464-7.

7. Monazzam M. Hazardous Physical Agents Workplace (vibration). 1* ed. Tehran, Iran: Nakhl Publications; 1996. [In Persian].

8. Levy BS, Wegman DH. Occupational health: Recognizing and preventing work-related disease and injury. 3™ ed. Boston,
MA: Little, Brown; 1995.

9. Sanders SS, McCormick EJ. Ergonomics, human factors in engineering design. Trans. Afzali M. Tehran, Iran: Oloom
Publications; 1999. p. 143. [In Persian].

10. Esmailian A, Khodadadi Karimvand M. Noise control in ventilation system. Proceedings of the 1% National Industrial
Ventilation and Hygeine Conference; 2010 Feb 24-25; Tehran, Iran. [In Persian].

11. Jafari M.J. Industrial ventilation. 1% ed. Tehran, Iran: Fadak Istatis Publication; 2008. [In Persian].

12. Forouharmajd F, Nassiri P. Noise reduction of a fan and air duct by using a plenum chamber based on ASHRAE guidelines. J
Low Freq Noise V A 2011; 30(3): 221-7.

13. Bies DA, Hansen CH. Engineering noise control: Theory and practice. New York, NY: CRC Press; 2009.

14. Barron RF. Industrial noise control and acoustics (Mechanical Engineering). New York, NY: CRC Press; 2002. p. 349-417.

15. Rivin El. Vibration isolation of precision equipment. Precision Engineering 1995; 17(1): 41-56.

16. Lin TR, Farag NH, Pan J. Evaluation of frequency dependent rubber mount stiffness and damping by impact test. Applied
Acoustics 2005; 66(7): 829-44.

17. Dickens JD. Phase velocity of rubber element in vibration isolator under static load. J. Sound Vibration 2000; 234(1): 21-42.

18. Han D, Song X. Expermental study on constitutive model for damping and stiffness of a rubber isolator. Journal of Vibration
and Shock 2009.

19. Sjoberg M, Kari L. Measurements of rubber isolator stiffness at non-sinusoidal excitation. Proceedings of the 10"
International Congress on Sound and Vibration (ICSV10); 2003 Jul 7-10; Stockholm, Sweden; 2003. p. 821-5.

[\ yyay Ql’.‘u.o)'/\‘ o)lmfb/\\ JL» /w)/t..; (:Ué.} uln.mébm

WWW.Mmui.ac.ir


http://hsr.mui.ac.ir/article-1-823-en.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-07 ]

4 385 s 3l Jool S| 1S 3y 5N 5l 28

An Investigation of the Role of Pad Isolator in Transmitted Vibration Reduction in the Body
of the Duct and Fan Base of Ventilation Systems

Farhad Forouharmajd®, Leyla Maghsoudian®, Samira Barakat?

Original Article
Abstract

Background: The application of ventilation systems in industries and workplaces is with the aim of improving
environmental conditions for employees. The lack of appropriate design and control methods for ventilation system
components result in the production of sound and vibration in the system. The purpose of this study was to determine
the role of a pad isolator in controlling vibration and reducing noise in the ventilation systems.

Methods: This analytical study was performed on the heating, ventilation and air-conditioning (HVAC) system that had a
galvanized duct and axial fan. Vibration measurements were carried out on the body of the channel and the fan base before
and after installation of the rubber isolator and reduction in the amounts of transmitted vibrations was assessed.
Findings: A 61% reduction in the fan vibration velocity at 2580 rpm was observed and the maximum effect of the
vibration isolator was observed in 2580 rpm. Moreover, the isolator had a much greater effect on reducing the rate of
vibration at high speeds. At a speed of 2200 rpm and below, vibration velocity was decreased noticeably.

Conclusion: Our study indicates that the performance of a rubber isolator in vibration reduction is efficient in small
machines such as fans in air conditioning systems. Based on the load, static deflection, and compression level of the
materials used, isolators can be used as an effective means of reducing vibration.
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