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Seat. Master of Engineering (Mechanical Engineering), Major Field: Mechanical
Engineering, Department of Mechanical Engineering. Thesis Advisor:

Assistant Professor Jaytawee Pukrushpan, Ph.D. 50 pages.

Presently, vans are more popular vehicles than buses, because they are faster and more
comfortable. However, many passengers avoid sitting on the rear seats, because they have too much
impact force and vibration. The rear suspensions of virtually all vans are the leaf spring system,
which is suitable for carrying goods, but is less comfortable for passengers. In order to improve
seating comfort for rear seat van passengers, a suspension system could be installed between the
rear seats and the floor of vans. A complication however, is to calculate suitable suspension settings
relative to constant springing and damping. Firstly, vibration data would to be collected to establish
required constant springing and damping by utilizing the shock isolator theory. Using Simulink,
one can check reducing vibration in a graph simulation, until the suitable setting is reached. The
closing size and suitable constant springing and damping variants will also be calculated using
Simulink. In accordance with the test results, suitable suspension units can then be installed,

ensuring reduced impact and vibration.
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kS I o J ' { ~ 9y v o 1
wu T (1, {) Suiludasiaiuvesanussiigeiigavestouniasusandiu
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U
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A 10 navnaasanuduiusveatassu T (1, {)

diovhauns (54) Tadenswl aldanuduiusves T (1, ) nazannsoagna

o v J ~ Y o dy
VOIANUFAUNUTAINNINN 10 llﬂﬂ\‘]u

1. aweslandu T (1, {) aiisudn1ng 1 iiio frequency ratio HAtios
. 20
2. limT(r,{) == (56)
T—>oo T

v
=

9 1 9 X [
3. amanuaves (, T (1, {) wiiiniiuauduiion frequency Raio Minniige

/2
I e = % (V1+87% - 1)1 (57
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4. sgaiigaves T (7, {) awapuaundniu frequency Ratio 9UEUNT (57)

J1+8¢2 1/2
2+1602+(167%*—8(2-2),/1+8(2

_A72
5. T(V 2, () = 1 livunumm Z“Vi%@ damping ratio
o 3 1 S g 1 =
6. dmsumr < V2, T(\/ 2, C) v ANUUNINA1 { W30 damping ratio 1
Mrieead uaziie r > V2, T(\/ 2, () veliantosasina1 ( 1ie damping
ratio 3A1l08AY

7. dwunnmves { vie damping ratio swea T (1, {) vefesni 1 1aue iiie

r>\/§

v ! 'Y
2.5 msauamﬁaummizumﬁmgﬁamﬂmsﬂsmmﬂ”lwmqnﬂznmﬁau (vibration

isolation for short duration pulses)

)i

Tup Frame
Anvil

%

Foundation block
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v 9
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MNA 11 ANUAAUHUNIAI0819MTINANTNITLUNA 1 UBITLeZ N NTY
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Yy A = o qYd o A 2 g X = a o
Dwmuamanlumuni 11 ganliduingnuiuniwaznugaaan g IuIIN §IUIIN
v ' Y 4 9 o A g o & A A
XYNNILAUDINNTIAIYUTINTEUNNNBADUNTENUAVLNUAKAN TLVVTVUTITUALINDUN
J 1A 3 o KX Aa g o .
wenserImMuAmanfuiunRgUuuunlgalswas viscous damper Tussuuozgn
A . ~ 1 [ é’ = U J @ L&l A FY
PONUUUINDAA magnitude VOITINIZNa TdaNuTIz dene ldagrusin iugiunlslu
Y
MTPONLUVVBNTZUDTULTINTZUNN (shock isolation) VzMBBUAUNUF I TUMTEDNLLY
szuuilesnunsina harmonic excitation uaauMIIZIANNUANA19EA 1)
t3z0z9a1M to Y04 transient excitation F () fosun deawnsovenlan £y <
4 I 1 w Y
T /5 siie T duzreauvesszuy dainlumssenuuumsneuausduniszulizdoll
~ ' 9 A a = . . A
ANVANTDNGINOADANIUABINTNNANITNTZUND BT U magnitude YOI impulse NIV

#51
I=[°F(t)dt (59)

[ 9
fszuveyluanzaugalegnusinaluszeznaidu nann15ves impulse-

Yo 4 Ay Yo
momentum ﬁ]xgﬂ“lslfmmmmmmwmﬂauma”lﬂmmﬂ

UV=— (60)

'
a 9 a

g A g )
Llid@]ﬁﬂ$£ﬂulliﬁﬂﬂ1%1ﬂﬂ1‘(’Ju’f]ﬂ‘iZ‘]J‘]Jl,l,ﬁmﬂui]@Lill@]u"ll’éNﬂﬁlﬂﬂﬂﬁﬁuﬁ&ﬁ’ﬂu

Q

]
a

Y H 1 ] H
L'Ja’WILiiJ"U’E]\‘]§$'L|'L|Fl]$l,ﬂﬂgﬁuﬁu1/llﬁf]l,ﬁ\1ﬂigélusllflﬂéﬁﬂ@@ﬂﬂ'lﬂii%UU %Qﬂ’li@'ﬂﬂﬁu@ﬁﬂ
I o A a . . A Y <3
15]13J3J151$L1J‘Llﬂ'l§ﬁuﬁ$LWEJULLUU’E]ﬁ'iZ (free-vibration response) Lu@ﬁ%’lﬂlliﬁﬂaiﬁﬂWﬂﬁWNﬁﬂ

FUAUUDITZUY

x(t) = wid e~ $@nt sin w4t 61)

A A A X =
TTYTNITAADUNITNAVUUINNGA U 130

_72
ty, = tan~?! (176) (62)
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uazazmiaszezimaoun 11 ldungann

v 4 _1 (V17
Xmax = o, €XP l— ﬁtan 1 (T)] (63)

@ v J Aaa o 0 1 .
MNaumMs (61) IFaNuANIUTNIES TnaA MUIUWITINGIHIY (transmitted

force) lldag1usinTaeru isolator 18 Iaeldaunis

Fr(t) = Fe~$“nt sin(wyt — B) (64)
A &~ mwnv
1o F = 0 (65)

(66)

. (Y 67 zc\/l—zz)
1ay p = —tan (1—252

1 1 1 ~ 9 Y o v PR IY] ~ =
ﬂ’]l,!j\iﬁflW’]uu’lﬂﬂq@ﬂgw'lul@ﬂ’]ﬂﬁNﬂ'ﬁ (64) LLa'Ju’]hlL]Jﬂuwuﬁﬂlﬂ\inﬁ'lﬂu@ﬂﬂq@ QN
Y1 g A a U 9 A a U A Y I
Vlﬂﬂ’llﬂu 0 L!ﬁga']n’ljﬂﬂ’lL')a’l‘V]Lﬂﬂlli\iﬁ\?W’luhlﬂ L'Ja’]‘ﬂlﬂﬂﬂ’]ia\iw']ulli\iu'lﬂﬂﬂgllﬂlﬂu

Ql dy
qdUNTANU

J1-02(1-4¢2)
{(3-4¢%)

-9 -1
tmy. = ,-tan (67)

[

' ] A A Y dy
Lli\jﬁ\iW'IUWM']ﬂV]q@i]gUl@@']llﬁllﬂ']ﬁ'@\iu

_q1 [V1-7%(1-4¢2
FTmax = Mvwy,exp (— —r_1{—§2 tan~! l ((63_(4(2)6 )]) (68)

H H 9 H
aums (67) waasdanannaussgsiumniazmasuina t = 0for { = 0.5
9 v
wagdmfua ¢ > 0.5 duusndmuald dF /dt = 0 mumsaeuaussiinaiiooga

9
[ Y [ J

Fndudmsue { = 0.5 ussdwimiimnniigasziiaiinn t = 0 uazm1don
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Fr(0) = cv = 2{mw,v (69)

o v Jo A = 1
TqUNIT (68) UAZAUNIT (69) mmiammnuﬂuggaziugﬂmaw%ﬂﬂm‘w"luwma

[

1 v Y Y
(nondimensional function) @ () @il 3aAmssdariuinaiu o3 lanail

F
Q) = —max —

mvwy,

I S | V1—52(1—452)]>
exp( V1-32 tan l {(3-44?) ¢<05 (70)
2¢ 05<(<1

2.0

134

1.0 -

0.81 - —

0.5 T T T T

0 02 0.4 0.6 0.8 1

Uy

ol 12 namluaasawdniuives Q (0)

1nnwi 12 sziinldnm Q () deviigailioszinm 0.81 luse 0.23 <

1 1 1 ' I 4 v ¥
¢ < 0.30 dmidoungavesuseldmsdeinuiuinasinisesnuu isolator A1l

isolator AIFUA damping ratio IndiReeny 0.25

T @ 1 1 g 1 I 1 [ 4
qUNIT (70) Llﬁﬂﬂclﬁ}'ﬂﬂﬁlﬂﬂ C mJLm’mmuuugﬂumaamﬂumm@mﬁmmmﬂ
ANVDTITUFIAVOITZUY
Y3 1 A AA A ds! ~ v W =
NTUNIT (63) LLﬁﬂQiWLWH’NﬂWiLﬂﬁf]l.l‘ﬂ‘ﬂ!,ﬂﬂ"U’Lllﬂﬂﬂtjﬂﬂmlﬂ’iwﬂwuﬂﬂﬂ’ﬂhﬂ
a Y] g‘/ <3 Y A Y [l [ ~ Y = A A
DITUBINUBDITSUY muu%mu”l@’nmaﬁmﬂmmmmuﬂuaﬂ%znmimaauum AITUD

53TUAVYNAIVABONAIIMIUNUAIVOIAUNT (63) HAZANNST (70)
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Fr X
niaxvzmax — S(() (71)
2

2exp (—Ltan_1 [(\/l_—(z(4_8(2)]> {<0.5

1-¢2 872-87%4-1

4exp (—1L_<2tan"1 (—“1;{2» 05<C<1

SO =

(72)

18"\

1.6

M 13 nsluaasanudiusues S(J)

@ {3 [ <A 1 @
#3¥15U04 nondimensional ratio 511@\1ﬁilﬂ’]iﬁlﬂuwa\‘lﬂ']u%ﬁi‘lﬁﬂél}um@ﬂ§$UU aIUAT

I ~ 9 [ 1 A v o [ I A o .
Lﬁi&llﬂuﬁu‘ﬂ”lﬂﬁnﬂlﬁQﬁQNTH maﬂammwmu%mﬂum'isg]ﬂﬂauwawmmm isolator L1

D.

1 v 1 Y
J5@nTnmved isolator vztaraalunmi 13 39214 isolator N1z ANTAMGIgARATUN

Mm{= 0.4z S = 1.04

Y a . A Ao v Y1 A gy A A
uunaalunsesniu isolator fousanasuIzand Inaune 1¥msinasunved

Y ~ U . . A g’.} k) —_— A a o
TTUVVITUDINGA A1 damping ratio ﬂﬂﬂiﬂ%@]\?ﬂﬂﬂ'ﬁﬂ% Z — 04‘ ANUDTITUBIAATIUIUIM
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mslda Q (¢) 3w Q(0.4) = 0.886 mamdouiimniigansdmnn S({) &

A lavz Il sz@nEnmued isolator WINTiga

2.6 M35USVYIAUAEANNHUI (Tuned mass damper)
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msUSumatazanuniamie 1a39niuluse harmonic absorber 1iuginsoif
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ﬂﬂ"bﬂ‘uiﬂ’NﬁﬁN!,Wﬂaﬂuﬁmuﬁxmﬂumﬂﬂamﬂmlu Qﬂﬂﬁﬂ!ﬁ?u%gaﬂﬂj']i]uli]ﬁ‘ﬂ']ﬂﬂiﬂﬂ
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v ' Y A < A g o A 4
msdsuurannunildatesaunng 14 mollonumsmaounuesns
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Lli\‘lﬁuﬁzmﬂ‘L!‘VIQﬂig‘U‘U@]’Jﬁﬁﬂﬂ%ﬂusll@ﬁiﬂﬂlﬂﬁﬂul]’m ﬁﬂ‘%mazmmmwma

< A A o 4
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3-4 Hz Resonance in cervical vertebrae (neck).
4 Hz Peak resonance in lumbar (upper torsos) vertebrae
5Hz Resonance in shoulder girdle

20.3 Hz Resonance between head & shoulders

60 Hz Resonance in eyeballs.

d' 1 1A 1 Y=
M1319N 2 LLﬁ'ﬂ\‘l%’J\ﬂl@\‘lﬂ'ﬁ'ﬁJLi\‘l‘lﬂ‘MWﬁﬁ@ﬂﬂ]'lll;iﬁﬂ

Vibration Reaction
Less than 0.315 m/s’ Not Uncomfortable
0.315 t0 0.63 m/s’ A little Uncomfortable
0.5t0 1 m/s” Fairly Uncomfortable
0.8 to 1.6 m/s’ Uncomfortable
1.25 t0 2.5 m/s’ Very Uncomfortable
Greater than 2 m/s’ Extremely Uncomfortable
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1. ﬁlé’lj g'u Toyota Commuter

1 4 4 o w
509 5u Toyota Commuter 1A3998UA D4D Common rail DOHC 16 valve turbo 184

u 9

9/ a v oA 1 =
GNEA 102 L3IV (75 ﬂjajﬂ@) 7N 3600 3DUADUIN

MNN 15 iﬂﬁj‘g‘lu Toyota Commuter
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M 16 9NYNITUIAVUIANINTYIU 180 x 30 x 5 cm

¢ o
3. 9Un3aIIANINIGI (Accelerometer)

Jd o 1 I 4 o 1 <3
Qﬂﬂim']ﬂﬂ']qulﬁq (Accelerometer) WHUBT A UIFDTIAANNITALLUOUIADN

MMAZ361 *

CXXXXXXXX )

Y Jd o U 1
MNN 17 9UnTalIaANITI (Accelerometer) 34 MMA7361
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4. gunsanfudeya ¥ National Instrument
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[

4
whaumsvouduuu Iriavahlveglugi Fourier series Aall

F(x) = 0.08331 — 0.02661cos(2.261x) —
0.03128sin(2.261x) + —0.06026c0s(4.522x) —
0.02309sin(4.522x) — 0.03478co0s(6.783x) +
0.02826sin(6.783x) — 0.01503c0s(9.044x) +
0.02919sin(9.044x) — 0.08712co0s(11.305x) +
0.05809sin(11.305x) + 0.1476co0s(13.566x) —
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Floor vs Seat with suspension w=10 km/h., m=70 kg
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v =20 km/hr. m =210 kg
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