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OPTIMIZING B45 BUS FRAME STRUCTURE TO REDUCE PASSENGER SEAT VIBRATION
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Tém tat - Van dé rung dong va tiéng n trén xe buyt la tiéu chi quan
trong can cai thién nhadm dam bao sw thodi mai va an toan cho hanh
khéch. Trong két cAu xe buyt, khung xuong xe la bd phan truyén rung
déng tlr ngudn kich thich nhw déng co, mét dwong... dén vi tri ghé
hanh khach. Téi wu héa do cing khung xwong xe la giai phap hiéu
qué nham giam rung déng trén xe tao sy thoai mai cho hanh khéch.
Bai bao dé xuat md hinh md phéng rung déng két cau khung xe buyt
B45, st dung phan mém Hyperworks Trén co s& phan tich két qua
tinh toan rung déng, tac gia lwa chon két cAu khung xe téi wu, thay ddi
dé ctirng khung xwong xe, gidm thiéu rung dong ghé hanh khach, dap
ng murc cao nhét vé sy thodi mai theo tiéu chuan ISO Human Body
Vibration (ISO 2631-1). Két qua rung dong trwdc va sau khi toi wu ket
cAu khung xe dugc kiém chirng bang do dac thwc nghiém vé rung
ddng tai cAc vi tri khac nhau trén ghé hanh khach.

Tir khoa - phuong phap phan t& hiru han; phan mém Hyperworks;
tiéu chuan 1SO 2631-1; rung dong khung xe; thiét bi do LMS.

1. Giéi thigu

Trong két cau khung xe buyt, khung xuong xe bo phan
chinh truyén rung dong tir cdc ngudn kich thich nhu dong
co, mat duong, gian diéu hoa... dén vi tri ghé hanh khéch
va lai xe. Tdi wu hoa d6 cung khung xuong xe 1a mot giai
phap hiéu qua nham giai quyét cac van dé rung dong trén
xe, tang d6 ém dju thoai mai cho hanh khéch.

Nghién ctru vé dao dong trén khung xe d duoc nhidu nha
khoa hoc trong muréc va trén thé gidi quan tam. Nhiéu m hinh
tinh toan dao dong khung xe duge dé xut[1], [2], [3], [4], [5],
[6], [7]. Ngudn kich thich dao dong thudng 1a ngudn kich thlch
tir mat duong tac dung 1én khung xwong qua do cing va hé sd
dap tit dao dong cua hé thong treo va banh xe [5]. Phuong
trinh vi phan dao dong dugc giai nho cdng cu toan hoc Matlab
[2], nghién ciru rung dong tir dong co sir dung phan mém
ANSYS [7]. Viéc phan tich rung dong tir ngudn kich thich
dong co thuong chi duoc thuc hién ¢ cac héng 6 to 16n, do
duoc dau tr phan mém mo phong c6 kha nang tinh toan manh
va thiét bi thir nghiém dt tién. Nghién ctu cu thé vé rung
dong trén khung xe buyt B45 van chua duoc thuc hién diy du.

Trong pham vi bai b&o chi dé xuat mé hinh mé phong
rung dong két cau khung xe buyt B45, str dung phan
mém Hyperworks va kiém chirng két qua bang cach do
dac thuc nghiém vé rung dong tai cac vi tri khac nhau
trén ghé hanh khach.

2. Nghién ciru rung ddng ciaa khung xe bang phan mém

Hyperworks

2.1. Tiéu chudn ddnh gid dnh hwéng ciia rung dong
Vige dénh gia anh hudng ciia rung dong trén xe ddi voi

sirc khde con nguoi duge quy dinh trong tiéu chuan 1SO

2631-1 va TCVN 6964. Tiéu chuan nay xac dinh ré muc

Abstract - Vibration and noise on buses are important criteria that
need improving in order to ensure comfort and safety for
passengers. In a bus structure, the vehicle frame plays a major role
in transmitting vibrations from stimulating sources such as engines,
road surface,.. to passenger seats. Optimizing bus frame stiffness
is an effective solution to reduce vehicle vibration, creating comfort
for passengers. This article deals with a simulation model of a B45
bus structural frame via the use of Hyperworks software. Based on
the analysis of vibration results, the authors chose the optimum bus
frame structure, changed the stiffness of the vehicle frame, thereby
minimizing passenger seat vibration and meeting maximum
comfort according to ISO Human Body Vibration standards (ISO
2631-1). Vibration results of the bus structural frame before and
after optimization have been verified by experimental
measurements of vibration at various positions of passenger seats.

Key words - finite element method; Hyperworks software; ISO
2631-1 Standards; vehicle frame vibration; LMS measuring device.

d6 thoai mai va sy cam nhan cua con nguoi thdng qua 3 gié
tri RMS (gi4 tri gia toc rung dong hiéu dung), MTVV (gia
tri gia toc rung dong tuc thoi 1on nhat trong khoang thoi
gian nghién ctiu to) va VDV (gi4 tri gia toc rung dong trung
binh binh phuong tich lity theo thoi gian). Gia tri RMS
duoc xac dinh qua gia tc rung dong [m/s?] theo thoi gian

bang biéu thic:
_—
w=[7jo awz(t)dt]

Trong d6: aw(t): Gia toc rung dong cua chuyén dong
theo thoi gian [m/s?], T: Khoang thoi gian do [s].

Bang 1, trinh bay cac gia tri gia téc rung dong tuong
tng véi mic do cua thoai mai cua con nguoi theo Tiéu
chuan ISO 2631-1: 1997.

Bdng 1. Mitc do thodi mai theo gia tdc rung dgng
(Tiéu chuan 1SO 2631-1)

Gia tri gia téc [m/s?] Mire d§ thodi mai
<0,315 Rét thoai mai
0,315+ 0,63 Cam giac mot it khong thoai mai
05+1,0 Cam gidc rd rét khong thoai mai
0,8+1,6 Khong thoai mai
1,25+25 R4t khong thoai mai
>20 Cuc ky khéng thoai mai

2.2. M0 hinh dao déng cia khung xe
Mb hinh dao dong cudng b cua h¢ khung xe (va ghé
hanh khach) c6 thé dugc mo ta nhu trén Hinh 2.
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luong tong cua ca hé; w: Tan s goc dao dong cua nguon
kich thich; u: Ma tran chuyén vi; f(w).e't: Ham kich
thich cua ngudn rung, dic trung bai luc kich thich tac dung
hoc gia tri van toc rung dong tac dung Ién hé khung xe [9].
Luc kich thich do dao dong cua dong co gay ra, dugc
truyén dén khung xe théng qua cac tim cao su chan dé dong
co va truyén dén ghé hanh khéach. Bai bao nay chi xét dén
kich thich tir dong co va bo qua kich thich tor mat duong
1én khung xe.
2.3. Thuc nghié¢m xdc dinh kich thich ter déng co

Hinh 3. V; trf ldp dat gia téc ké theo 3 phirong 1én cac
cao su chan may
1. Gia téc ké, 2. Chan may trén chassis, 3. Cao su chan may,
4. Chdn mdy trén dong co, 5. Chan hgp so, 6. Cao su chan hgp
so, 7. Chan hgp so trén chassis.

Thong s6 dau vao cua bai toan chinh 1a kich thich tir
dong co, thé hién qua van toc rung dong tai cac vi tri lap
ddng co va hop sé (Hinh 3). Nguon rung dong tir mot may
duoc thé hién qua bién do van t6c rung dong. Van toc rung
dong duoc do bang thiét bi do rung dong, tiéng dn va va
cham LMS Test Lab ctia Hang LMS, Siemens Group, Bi,
thdng qua 4 gia tc ké dat tai vi tri chan may dong co. Hinh
4 thé hién @6 thi bién do van téc theo tén s6 rung dong tir
0+250 Hz tai vj tri hop s6 phia bén tai xé va phia bén phu
xe. Trong khoang tan s6 tir 55+250 Hz, bién do van toc co
gié tri rat nho nén khong xét dén.

Hinh 4. Bién dg van tac tai cac vi tri chan may
phia bén tai x¢ (4a) va phia bén phu xe (4b)

2.4. M6 phéng rung dgng khung xe buyt bang phan mém
Hyperworks
2.4.1. Két cqu va mo hinh héa khung than xe va khung
chassis

Cac bo phén trong khung than xe va khung chassis dugc
chia ludi sur dung cac phan tir 2d cho thép hop, ton mui,
tam gia co, cac lién ket han; phan tur 3d (tetra) cho pat thanh
giang hé thong treo; phan tir rbe (cung hoan toan) cho cac
moi ghép buldng (Hinh 5).
2.4.2. Dit ligu dau vao cho bai todn rung déng FRF trong
phan mém Hyperworks

Hinh 5. M hinh héa khung than xe va khung chassis

bé giai bai toan rung dong st dung phan tir hitu han
trong phan mém Hyperworks, can xéc dinh cac dir liu dau
vao nhu [4]: nguon kich thich (DLOAD) ¢6 thé Ia luc hozc

chuyén vi, van tc hay gia toc. .. theo day tan sb kich thich
(FREQ), rang budc (SPC).

Ham kich thich DLOAD: Vi tri tao ra ngufm kich thich
la tai cac chan may dong co. Dong co dugc lap vao khung
chassis qua bon chan may, do vay s& cé bon nguon kich
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thich rung dong dugce dua vao bai toan. Tai cac vj tri chan
méay dong co duoc dat gi4 tri bién do van toc bang cac
SPCD_Velo theo 3 phuong X, Y, Z, gdm vi tri chan may
bén phu phia truéc (SPCD_Velo_2788823), chan may bén
phu phia sau (SPCD_Velo_2788818), chan may bén tai
phia trugc (SPCD_Velo_2788824), chan may bén tai phia
sau (SPCD_Velo_2788820).

Rang bugc SPC: Céc dé dd lién két s& rang budc 3 bac
tu do. CAc vi tri bau hoi s& ¢b dinh 6 bac tu do.

Day tan s kich thich FREQ: DAy tan s kich thich dugc
xay dung theo ham tuyén tinh. Do bién d¢ van tdc rung &
tan sé 16n hon 55Hz c6 gia tri rit nho, nén gia tri tn sb
kich thich rung dong chi xét tir 5 + 55Hz végi budc 0,1Hz.

3. Két qua md phéng rung dgng va nhan xét

Két qua tinh toan rung dong khung xe buyt dugc thé
hién trén Hinh 6, Bang 2 va Bang 3. Két qua tinh toan dugc
kiém chimg thong qua do dac thuc nghi¢m tai cac diém
tuong ung theo ba phuong X, Y, Z bang thiét bi do rung
dong, tiéng on va va cham LMS Test Lab caa Hang LMS,
Siemens Group, Bi.

Két qua tinh toan rung dong cho thiy, bién do van téc
ctia cac phan tar trén md hinh Ién hon so véi tai vi tri ngudn
kich thich. Cac vi tri c6 murc @6 rung dong I6n tap trung tai
khung xwong mang hdng trai, hdng phai, mang duoi, san
bang ghé 5 va ton mang mui. Khung xwong mang hong tréi,
phai va mang dudi bd tri gan ngudn rung dong va chiu anh
huong cua khéi lwong céc chi tiét dat vao, mat khac vi tri
san bang ghé 5 va tdn mang mui ¢6 muc do rung dong l6n
1a do két ciu lién két chua phu hop, do cung thip gay ra
rung dong cao.

Két qua tinh toan cho thay rung dong c6 anh huang truc
tiép dén nguoi ngdi (san bang ghé 5), nén dé danh gid muc
do tac dong cua rung dong xe buyt dén ngudi ngdi nhu da
dé cap & Bang 1, ta phai so sanh két qua tinh toan gia tri
gia toc theo tan s rung dong véi tiéu chuan vé muac do
thoai mai. Gié tri gia téc rung dong theo cac phuong X, Y
va Z nam trong khoang 0,5+1,0 m/s?, mic do cam giéc rd
rét khdng thoai mai tai cc vi tri san hanh khach. Cac vi tri

nay duoc lién két vai khung mang hong trai, phai va chassis
duéi, noi bat cac pat chan may dong co, ngudn rung dong.
Do vay, can hiéu chinh két cdu khung xuong, t6i wu hoa
c4c mang chiu rung dong dé tang d¢ cing cho khung xe
buyt, dua gia tri van toc, gia toc rung dong vé ngudng “rat
thoai mai” déi véi hanh khéch.

Hinh 6. Két qud van téc rung dong [mis] tai
tan so rung dong f = 25 [Hz] theo phuong X

4. Két qua t6i wu héa két cAu nhiam giam rung déng ghé
hanh khéach

Ti wu hoa két ciu khung xe, nhim dam bao mue d6 rung
dong, ting do thoai & vi tri ngudi ngdi, dugc thyc hién bang
céch thay doi két cAu, dac tinh vat ligu, quy cach thép hop
cua cac mang khung xuong: Thay dbi kich thudc, chiéu day
céc thép hop tai vi tri gan ngudn rung déng nhu khung xuwong
mang dubi, mang héng trai va mang hong phai noi ¢ bién
d6 rung 16n nhét, nhim ting d6 cimg khung xwong; Thay doi
hinh dang két cau khung xwong dé tang kha niang chdng rung
dong tai cac vi tri cang ton mui, diy ghé hanh khach... Két
qua tinh toan t&i wu két ciu khung xwong dugc danh gia qua
bién do van toc rung dong tai cac phan tir cia mé hinh khung
Xe va vi tri nguén kich thich.

Két qua tinh toan rung dong tai cac vi tri khac nhau trén
khung xe trudc va sau khi tdi uu hoa két cau dugc thé hién
trén Bang 4.

Bdng 2. Két qud vdn téc rung dong |on nhdt ban dau trén khung xe theo ba phwong X, Y, Z tai cc tan sé khac nhau

Vi tri do dac Node id 25 Hz =50 Hz
X Y z X Y z

Chan may bén phu phia truéc | 2788823 | 2,35017 | 6,05450 4,23 0,29176 | 0,27907 | 0,356
Chéan may bén phu phia sau 2788818 | 2,73412 | 13,97112 9,81 0,24889 | 0,67635 | 0,823
Chén may bén tai phia truéc | 2788824 | 2,82426 | 6,46898 6,01 0,46238 | 0,98804 1,97
Chan may bén tai phia sau 2788818 | 2,31353 | 14,34701 | 10,10 | 0,40979 | 1,53095 1,70
Xuong mang héng bén trai 2018368 | 9,73844 | 24,67003 | 16,5738 | 12,7715 | 4,63245 | 2,79077
Xuwong mang duoi 22169 | 4,38271 | 14,9067 | 9,58005 | 16,9162 | 20,2715 | 15,5547

Két qua tinh toan (Bang 4) cho thiy murc do rung dong
& tan s 25Hz va 50Hz sau khi téi wu hoa két cau déu giam
tir 12+56% S0 Vi gid tri ban dau. Vi tri tap trung mic do
rung thay ddi. Phuong X: Gia tri bién d¢ van téc lon nhat
Van tap trung tai vi tri khung xuong mang hong trai va
mang dudi. Phuong Y: Gia trj bién d6 van téc 16n nhat chi

tap trung tai mang héng phai. Phuong Z: Gid tri bién do
van toc I6n nhat van tap trung tai mang dudi va mang hong
tréi. Tai vi tri tdn mang mui, gi4 tri nay giam xudng do
duoc gia ¢ bang cac V50x50x2.0mm lién két.

Gid tri gia toc trén mang san co thay di sau khi tdi wu
hoa két cau, gié tri cua gia toc 0,41339 [m/s?] wng vai tan
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s6 25Hz va 0,39142 [m/s2] tng véi tan s6 50Hz nam trong
khoang 0,315+0,63 m/s?, nho hon so v&i gié tri ban dau (tir
0,5+1,0m/s?), so v&i tiéu chuan danh gia tao cam giac thoai
mai hon cho hanh khach. Cuy thé, theo cac phuong X: Gia
tri gia téc giam tir 71,68+91,66% so Vi gia tri ban dau, vi
tri c6 gia tri 1on thay doi tir xwong 1ap ghé ngdi hanh khéch
dén xuong nip thim khoang dong co (tan sé 25Hz), tir

xwong nap thim dong co dén cac xuong lién két mang hong
va mang dudi (tan s6 50Hz). Phuong Y: Gia tri gia toc giam
tir 43,88+91,51% S0 V4i gié tri ban dau. O tan sb 25Hz, vi
tri c6 gié tri 16n khong thay ddi, nhung & tan s6 50Hz, gia
tri 16n nhat tai noi lién két khung xuong mang hong trai.
Phuong Z: Gia trj gia toc giam tir 27,86+33,54% so Véi gia
tri ban dau, nhung vi tri c6 gia tri I6n van khong thay doi.

Bdng 3. Két qua gia téc rung dong lon nhat trén khung xe theo ba phirong X, Y, Z tai cac tan sé khac nhau

Vi tri do dac Node id =25 He =50 He
X Y z X Y z
Xuong mang hdng trai 2018368 | 1,52971 * * 5,31438 * *
Xuwong méang hdng tréi 1722768 * 3,87516 * * 1,45533 *
Xuong mang hdng phai 2025109 * 2,34154 * * 6,36847 *
Xuong ming dub 22169 | 0,68844 * * 4,01227 * *
276290 * * 1,50483 * * 4,88666
923652 | 0,07241 * * 0,04239 * *
9044 | 0,07159 * * 0,05485 * *
2273899 * 0,13235 * * 0,09502 *
San vi tri nguoi lai 2270188 *  loa1915 | % * 0,121 *
22840 * * 0,26472 * * 0,0951
1496757 * * 0,18073 * * 0,18162
230022 | 1,0146 * * 0,31864 * *
797401 | 0,58345 * * 1,53525 * *
345086 * 0,83858 * * 0,26207 *
San vi tri hanh khach
229958 * 0,26258 * * 0,91561 *
2655283 * * 2,13989 * * 0,57356
1728199 * * 0,57356 * * 0,94635
Ton mui xe 1216698 * * 2,6034 * * 0,87675
Bing ghé 5 hanh khéch ok 037462 | 012107 | 054576 | 0,57540 | 032717 | 0,58298
(*): Gid tri gia téc rung dong nho khong xét dén.
(**): Tdp hop cac ID NODE trén bang ghé 5.
Bdng 4. So sanh két qud vdn téc, gia téc trudc va sau khi téi wu héa két cau
(o - Vian té(f I6n nhét [rr?m/s] ﬁgiﬂh Gi];l té(; I:’yn nhét tai sanAFm/sz] Chénh lech
Bandiu | Sautdiuwu | (gq) an dau Sau toi ru (%)
X 9,73844 | 8,13832 | -1643 | 0,37462 0,10608 -71.68
25 Y 2467003 | 21,52958 | -12,73 | 0,12107 0,06795 -43.88
z 16,57375 | 12,23132 | -262 0,54576 0,39373 -27.86
a * * * 0,67294 0,41339 -38,57
X 16,91621 | 10,65345 | -37,02 | 0,57540 0,04801 -91.66
Y 2027148 | 8,81897 | -56,50 | 0,32717 0,02777 9151
>0 z 15,55471 | 6,85630 | -5592 | 0,58298 0,38747 -33.54
a * * * 0,88204 0,39142 -55,62
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5. Kiém chirng thwc nghiém rung dong khung xe

Hinh 7. Po rung dgng tai vi tri ghé hanh khéch:
1) Chén; 2) Méng; 3) Lung, 4) B¢ scandas 16 kénh

Nham kiém tra mtc do giam thiéu rung dong trén
khung xe trudc va sau khi téi wu hoa két cau, nhom tac gia
tién hanh do dac thuc nghiém bang thiét bi do rung dong,
tiéng 6n va va cham LMS Test Lab cua Hing LMS,
Siemens Group, Bi. Su dung cac cam bién 3 phuong
(Seatpad) 1, 2, 3 tai 3 vi tri chan, mong, lung hanh khach,
dé do lai gié tri gia toc tac dung 1én co thé con ngudi khi
ddng co nd & ché do khong tai (ché do c6 mirc do rung dong
tir dong co 16n nhit). Bo scandas 16 kénh s& nhan tin hiéu
chuyén vao phan mém st dung cong cu phan tich gia tri gia
téc rung dong hiéu dung RMS, thuc hién do gié tri rung
dong trong khoang thoi gian 0+30s.

Bdng 5. So sanh ket qua gia tri gia toc rung dong hiéu dung
truegc va sau toi wu hda ket cau.

Gié tri gia tbc rung dong [m/s?] | Chénh lech
Phuong N " )
Ban dau Sau toi vu (%)
X 0,093 0,072 -22,58
Y 0,218 0,062 -71,56
Z 0,279 0,196 -29,75
a 0,354 0,211 -40,39

Két qua do dac thyc té trude khi t6i vu ta c6 gi tri gia
téc rung dong hiéu dung 1a 0,354 [m/s?] so sanh vai tiéu
chuan 1SO 2631-1 (Bang 1) gay cam gi4c mot it khdng thoai
méi cho hanh khach va sau khi t6i uu két cdu cho gia tri gia
téc rung dong hiéu dung 1a 0,211 [m/s?] cho cam giéc rat
thoai mai, muic do thoai mai cho hanh khach duoc cai thién
dang ké. Cac thdng s6 cu thé theo cac phuong thé hién trén

Bang 5, rung dong theo phuong Y giam nhiéu nhat
(71,56%) va phuong Z giam 29,75% tuong ung vai Viéc
thém xuong thép hop 040x40x3.0mm theo phuong Y va
tang do day cac xuong mang dudi 1én 040x40x2.0mm theo
phuong Z.

6. Két luan

Trén co s¢ phan tich két qua tinh todn rung dong, tac
gia lya chon két cu khung xe t6i uu, nho d6 thay doi do
cimg khung xuong xe, nham giam thleu rung dong ghé
hanh khach, dap g muc cao nhat vé su thoai mai theo
tiéu chuan 1SO 2631-1:1997 véi céc kich thich chu yéu la
rung dong do dong co gy ra. Viéc ti uu hoa két cau khung
xe lam gla tri bién do van tdc theo ba phuong giam xuéng
rat nhiéu (khoang 56%). Gia téc rung dong cua khung
xuong theo phuong Z sau khi t6i wu hoa két cau giam
Xuong con 0,196m/s?, giam hon 29,43% so véi gia tri ban
dau, dam bao d¢ thoai mai theo tiéu chuan 1SO 2631-1. Két
qua nghién ctu dy kién s& ap dung nham giam thiéu rung
dong trén ghé hanh khéch cua xe buyt B45, Cong ty THHH
MTYV Thaco Truong Hai.
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