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Nguyén Hong Quan*

Tom tit: Truede do tac gia da cong bo 02 cong trinh khoa hoc (Nguyén Hong Quén, nnk 2018; Nguyén
Hong Quan, nnk 2019) trén 02 tap chi khoa hoc vé khdo sdt, phan tich dong hoc phan tir dan hé thong treo
hai don ngang. Bai bao nay sé trinh bay phwong phdp va két qua téi wu déng hoc phan tir dan hieong hé
thong treo ndi trén khi c6 ké dén tinh dan héi ciia phan tir dan hwéng.

Tir Khoa: Hé théng treo; dong hoc, dong luc hoc, ADAMS, t6i uu.

1. PAT VAN PE

DPong hoc co cau dan hudng hé thdng treo anh
huong tryc tiép dén tinh an toan diéu khién, dong
luc hoc phanh, treo, 14i va dao dong cia 6 t6. Trong
02 cong trinh khoa hoc trén 02 tap chi khoa hoc
(Nguyén Hdéng Quan, nnk 2018; Nguyén Hong
Quén, nnk 2019) da khao sat, phan tich dong hoc va
xét sy anh huong cua kich thude va vi tri cac khau,
khép phan tir dan hé thong treo hai don ngang dén
dong hoc hé thong treo ndy. Bai bao ndy s& trinh bay
phuong phap va két qua tdi uu dong hoc phan tir dén
hudng hé thdng treo néi trén khi ¢ ké dén tinh dan
hoi ctia phan tir dan hudng. Két qua cia bai bao co
thé ung dung trong thiét ké phan tir ddn hudéng hé
thong treo nay.
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Hinh 1. So d6 dong hoc

Theo két qua tinh toan (Nguyén Hong Quan, nnk
2018; Nguyén Hong Quan, nnk 2019), khi banh xe
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a) Md hinh khéng dan hoi

2. CAC NOI DUNG CHINH

2.1. Xay dwng mé hinh, tinh todn va khao sat
sw anh hwong cua kich thwéce va vi tri dit cac
khau, khép phén tir din huwéng dén dong hoc hé
théng treo doc lap hai don ngang

Noi dung nay da trinh bay trong cbng trinh
(Nguyén Hdng Quan, nnk 2018; Nguyén Hong
Quan, nnk 2019) nén & day chi sir dung lai két qua
ctia 02 cong trinh trén. D1 tugng nghién ciu 1a phan
tir din hudng cta hé thong treo trude trén 6 t6 con
(tham khao 6 t6 Toyota Land Cruiser Prado) c6 md
hinh dong hoc nhu hinh 1 va hinh 2. Céc s6 liéu ban
dau xem (Nguyén Hong Quan, nnk 2018; Nguyén
Hong Quén, nnk 2019).

b) Md hinh dan hoi
Hinh 2. Mé hinh mé phong trong ADAMS

dich chuyén tir vi tri can bang tinh 1én trén va xung
dusi 100mm thi|y|mx = 4,61° Va|AX |mx =
10,19mm. nhu vay | AXg | max d& Vuot qua gidi han
cho phép ciia yéu ciu thiét ké | AXe | mx <5 + 6°va
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| AX | max <4 = Smm (Trinh Chi Thién, nnk 1984)
do d6 can tién hanh tinh toan t6i vu.

2.2. Tinh toan t6i wu dong hoc phin tir din
hwéng hé thong treo doc lap hai don ngang

2.2.1. Xay dwng md hinh bai toan téi wu

2.2.1.1. Lua chon ham muc tiéu

Dbi véi dong hoc ctia phan tir ddn huéng trén hé
thong treo doc 1ap can gidi han hai thdng sé 1a goc
nghiéng banh xe y va do dich chuyén banh xe theo
phuong ngang AX khi h¢ thdng treo bién dang, do
d6 ham muc tiéu khi t6i wu c6 thé dugc lwa chon
nhu sau: HAm muc tiéu 1: Gia tri tuyét doi lon
nhdt ciia géc nghiéng bdnh xe dat nhé nhit tirc: f
= min (|P|max). HAM Muc tiéu 2: Gia tri tuyét doi
l6n nhit cia dé dich chuyén binh xe theo
phwong ngang dat nhé nhit ticc: f = min (|AXg|
max). Phu thudc vao muc tiéu thiét ké, khi tién hanh
tinh toén tdi wu ta s& t6i wu mot trong hai ham muc
tiéu trén va kiém tra muyc tiéu con lai phai théa man
yéu cau thiét ké.

2.2.1.2. Lua chon cdc tham sé t6i uu

Tham s6 t5i vu lwa chon 14 toa d6 vi tri diém dat
cua cic diém Ay, A, B, C, Dy, D, lan luot I&:
Ai(AX A, AY_A); Ax(AX A, AY_A); B(AX B,
AY B); C(AX C, AY_C); DyAX D, AY_D);
Dy(AX_D, AY_D). Vay ta co tat ca 8 tham s t6i uu,
xem[®!,

2.2.1.3. Piéu kién rang bugc

Cin ctr vao két cau va khong gian bd tri phan
tir dan huéng hé théng treo, lwa chon diéu kién
rang budc 1a vi tri cac diém A, A, B, C, Dy, D,
tr vi tri ban dau dich chuyén theo cic phuong
X, Y trong khoang (-50 + 50)mm tac: -50 <
AX A <50;-50< AY_A<50;-50< AX B<
50;-50 < AY_B<50;-50 < AX C<50;-50<
AY_C <50;-50< AX D <50;-50< AY_D<
50, xem![®!,

2.2.1.4. M6 hinh bai toan t6i wu
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Hinh 3. Biéu do y va AYg sau toi uu
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Bai toan tdi wu c6 mo hinh todn hoc nhu sau:

Bai toan 1: Tim: AX_A; AY _A; AX B; AY_B;
AX C; AY C; AX D; AY_D. Sao cho: f =
min(|y|max). Théa mén: -50 < AX_ A < 50; -50 < AY-
_A<50;-50 <AX B<50;-50<AY_B<50;-50<
AX C<50;-50<AY_C<50;-50 < AX D <50; -
50 < AY_D < 50.

Bai toan 2:Tim: AX_A; AY A; AX_B; AY_B;
AX C; AY C; AX D; AY D. Sao cho: f =
min(|AXg|max). Thoa mén: -50< AX A< 50; -50 <
AY_A <50; -50 < AX B <50;-50<AY_B < 50; -
50 < AX_C < 50; -50 < AY_C < 50; -50 < AX D <
50; -50 < AY_D < 50.

Tu mo6 hinh thuat toan trén, bai bao ung dung
phin mém ADAMS xay dung mé hinh thiét ké t6i
wu theo timg ham muyc tiéu. Dé giam khdi lugng tinh
toan trudc hét bai bao xay dung mo hinh mé phong
khi coi cac khau, khép 1a cimg tuyét d6i (hinh 2a)
(Néu triee tiép xdy dung mé hinh c6 ké dén tinh dan
hoi thi sé bdc tw do ciia mé hinh ¢6 thé lén dén hang
nghin bdc tir d6 khé dat dwoc két qua tinh) tién hanh
tinh toan t6i wu theo cac ham muc tiéu dé xac dinh
duoc kich thudc va toa do vi tri ciia cac tham sb toi
wu. Budc tiép theo xay dung mé hinh c6 ké dén tinh
dan hoi ciia cac khau, khép véi cac thong sb vé kich
thudc va toa d vi tri 12 sau t6i wu (hinh 2b). Cudi
cting Kiém tra dong hoc hé théng treo sau téi wu khi
c6 ké dén tinh dan hoi cua cac khau, khop phan tir
dan huéng. Khi tinh toan can xét truong hop banh xe
di 1én va banh xe di xudng dé xac dinh téng dich
Chuyén cua [7|maxVa |4Xe|max

2.2.2. T6i wu véi ham muc tiéu f=min(|y|max)

2.2.2.1. T6i wu trong truong hop khi banh xe
dilén

Xay dyung m6 hinh trong ADAMS (Nguyén Hong
Quan, nnk 2018) va tién hanh phén tich téi uu ta
dugc théng s6 y, AXg bién thién theo AYE trudc va
sau t6i vu nhu hinh 3, hinh 4.
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Hinh 4. Biéu do AXgva AYgsau téi vu
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2.2.2.2. Toi wu trong truweong hop khi banh xe di xudng
Thong s6 y va AXr bién thién theo AY trudc va sau toi vu nhu hinh 5 va hinh 6
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Hinh 5. Biéu do v, AYE trude va sau t6i uru Hinh 6. Biéu do AXg , AYg trude va sau téi vu
2.2.3. Toi wu véi ham muc tiéu f = min(|4Xe|max)

2.2.3.1. T6i wu trong truwong hop khi banh xe di lén

Thong s6 y va AXr bién thién theo AY trudc va sau toi vu nhu hinh 7 va hinh 8
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Hinh 7. Biéu do y, AYg trude va sau toi wu Hinh 8. 6 thi AXg, AYE trueée va sau toi uu

2.2.3.2. Toi wu trong truweong hop khi banh xe di xudng
Thong s6 y va AXr bién thién theo AY trudc va sau tdi vu nhu hinh 9 va hinh 10
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Hinh 9. Biéu do y, AYg trudc va sau toi wu Hink 10. D6 thi AXg, AYE truede va sau toi wu
Bang 1. Bang téng hop so sanh két qua
Truomg | Thong Kh1 ba;r%h xe di len;. Khi "ban? xe di xuor;g 'I,'onghop toan f:e.lnh trlnf.]”
h sé Trudc to1 Sau toi Trudc to1 Sautoi | Trudce toi Sau toi Giam
P uu uu uu uu uu uu (%)
29221 7] max 4.01 0.57 0.50 8.67 4.01 8.67 -116.00
T AXH max 1.18 21.80 9.01 31.45 9.01 31.45 -249.00
9929 7] max 4.01 4.10 0.50 0.32 4.01 4.10 -2.00
T | AXH max 1.18 1.86 9.01 10.44 9.01 10.44 -16.00
2.2.3.1. | [Ylmax V& |AX¢] max trude va sau toi uu hau nhu khong thay doi
29239 7] max 4.01 3.21 0.50 2.34 4.01 3.21 20.00
T AXH max 1.18 5.09 9.01 0.26 9.01 5.09 43.50
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Tir cac biéu d6 va bdng I tong hop két qua tinh
toan ta thdy truong téi wu véi ham myc tiéu f =
min(|AXg|max) trong trudng hop khi banh xe di xuéng
(Muc 2.2.3.2.) cho két qua tot nhat véi |y|max = 3.21°

giam 20%, |[AX¢| max = 5.09mm giam 43.5%, dong
thoi déu thoa man gii han cho phép cia yéu cau
thiét ké | AXe | max <5 + 6° VA | AX | max <4 + Smm.
Toa d0 vi tri cac khép sau t6i vu nhu bdng 2.

Bang 2. Toa d¢ dich chuyén ciia cic tham so so véi toa df vi tri ban dau sau khi toi wu

X A(mm) | Y A(mm) | X B(mm) | Y_B(mm)

X C(mm) | Y_C(mm) | X D(mm) | Y_D (mm)

1.68 6.18 -1.70 -6.20

0.62 6.37 -0.61 -6.25

2.3. Kiém tra ddng hoc hé théng treo sau toi
wu c6 ké dén tinh dan hoi cia cac khau, khép

Str dung két qua toa d6 vi tri cac khdp sau t6i uu
nhu trong bdng 2 dé xay dyng mé hinh tinh khi c6
ké dén tinh dan hodi ciia cac thanh, don phan tir dan
hudng (hinh 2b.). Khao sat dong hoc hé théng treo
twong tu nhu mo hinh cac thanh don cung tuyét dbi.
Sau d6 so sanh dong hoc phan tir din hudng hé
thong treo doc lap co ké dén tinh dan hoi cia cac
khau trudc va sau toi vu nhim xem xét co thoa mén
yéu cau thiét ké. Khi ké dén tinh dan hdi cac khau,
khép cta phan tir ddn hudng thi dudi tac dung cia
céc luc 1én banh xe trong cac truong hgp quay vong,
phanh hodc khi vira quay vong vira phanh s€ lam
bién dang phan tir dan huéng do d6 anh hudng tryc
tiép dén gia tri Ymax VA& AXg max S0 d0 céc luc tac
dung Ién banh xe nhu hinh 11.

2.3.1. Xdc dinh cdc lyc tic dung I€n banh xe

- Phan lyc tac dung 1én banh xe theo phuong
thang dimg: Z; = 430%9.81 = 4218 (N)

- Lyc ngang 16n nhat tac dung 1&n banh xe:

Y = Zypn = 4218*0.8 = 3374 (N)

- Luyc phanh 16n nhét tic dung 1én banh xe:

P= Z;p = 4218*0.7 = 2953 (N)

......... TRUOC TOI UU
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Hinh 12. Biéu d6 y, AYr trudc va sau toi uu

2.3.3. Khi phanh 6 t6 chay thing trén dwong

Trong d6: ¢ - hé s6 bam doc, chon ¢ = 0.7; ¢y, -
hé sé bam ngang, chon ¢,= 0.8. My, My, M- la cac
mo6 men do cac luc Z3, Y, P sinh ra. M6 hinh dat luc
nhu hinh 2.b.

Hinh 11. Luc tdc dung [€n banh xe

2.3.2. Khi 6 t6 chay thing khong phanh
Thong s6 v va AXg theo AY trudc va sau toi wu
nhu hinh 12 va hinh 13.
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Hinh 13. Biéu d6 AXg, AYr truede va sau téi wu

Thong s6 y va AXr theo AYE trudc va sau toi wu nhu hinh 14 va hinh 15.
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......... TRUOC TOI UU —— SAU TOI UU

™ | 0,01

Hinh 14. Biéu d6 y, AYe truedc va sau ti uu Hinh 15. Biéu d6 AX¢, AYg trude va sau toi wu

2.3.4. Khi 6 t6 quay vong (chi can xét banh xe mgt bén bén phii)
2.3.4.1. Khi 6 t6 quay vong phai
Thong s6 y va AXr theo AYE trude va sau t6i wu nhu hinh 16 va hinh 17.
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Hinh 16. Biéu do y, AYe trudc va sau toi uu Hinh 17. Biéu d6 AXg, AYr truedc va sau toi vu

2.3.4.2.Khi 6 t6 quay vong bén trai
Thong s6 y va AXr theo AYE true va sau t6i wu nhu hinh 18 va hinh 19.
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Hinh 18. Biéu do y, AYe trude va sau toi uu Hinh 19. Biéu do AXg, AYE trude va sau toi wu

2.3.5. Khi 06 t6 vira quay vong vira phanh
Thong s6 y va AXr theo AYE trude va sau t6i wu nhu hinh 20 va hinh 21.
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Hinh 20. Biéu do y, AYs trueée va sau toi uu
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Hinh 21. Biéu d6 AXg, AYr truede va sau téi wu

Bang 3. Bang téng hop so sanh két qua

Truome | Thén Khi banh xe di 1én Khi banh xe di xuéng Tong hop toan hanh trinh
£ X 9 | Truoo i . Trude toi . Trudc tdi | Sautdi | Giam
hop SO Sau toi uvu Sau toi uu
uu uu uu uu (%)
[¥Imax 1.51 0.88 0.50 0.42 1.51 0.88 26.00
2.32. [ 1AX
| maXFl 0.86 5.11 9.57 1.05 9.57 5.11 47.00
[¥lmax 1.51 1.06 1.02 0.70 1.51 1.06 -8.00
2.33. | |AX
| maXFl 0.95 5.95 9.39 1.04 9.39 5.95 37.00
[¥lmax 1.57 1.09 1.03 0.52 1.57 1.09 30.00
2.34.1. [ |AX
| maXFl 0.74 5.35 9.50 1.05 9.50 5.35 44.00
[¥lmax 1.51 0.99 1.01 0.62 1.51 0.99 34.00
2.34.2. [ 1AX
| maXFl 0.84 5.61 9.60 0.96 9.60 5.61 42.00
[¥lmax 1.52 1.03 1.02 0.67 1.52 1.03 32.00
2.35. | |AX
IAXe 1.08 5.92 9.43 1.01 9.43 5.92 37.00
max
3. KET LUAN qua toa dd vi tri cac khép sau téi uu nhu bédng 2.

Tiép tuc nghién ctu phét trién tir két qua hai
cong trinh®. Bai bao nay d4 tién hanh tinh toan
téi wu dong hoc hé thdng treo hai ddn ngang véi
ham muc tiéu |Y|maxva |AX¢ max phai dat gia tri nho
nhit. Tir cac biéu d6 va bdng 1 ta thiy, sau t6i uu
[Ylmax, |AXE max trong céac truong hop (2.2.2.1;
2.2.2.2;; 2.2.3.1.) du tang, do d6 két qua khong
thoa man yéu cau téi wu. Duy nhat truong hop
2.2.3.2., t6i wu theo ham muyc tiéu f = min
(|AXF|max) khi banh xe di xudng c6 két qua ph hop
véi muc tieu, |y|max = 3.21° giam 20%, |[AXd| max =
5.09mm giam 43.5%, dong thoi gia tri cia ching
déu thoa méan yéu cau thiét ké phan tir din hudng
hé thdng treo doc lap hai don ngang. Tir d6 cho két
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Str dung toa d6 vi tri cac khdp sau toi wu, bai
bao xay dung mo hinh mé phong c6 ké dén tinh
dan hoi clia cac thanh, ¢on cta phan tir dan hudng
tr d6 kiém tra dong hoc hé théng treo sau khi tdi
wu.Két qua cho thiy, trong cac truong hop khai
thac cua 6 t6 nhu phanh 6 t6 khi chay thiang, quay
vong va phanh 6 t6 khi quay vong thi vy va AXg
déu giam kha 1én so voi trude tdi wu; Cac gia tri
giéi han cta y vad AXg déu nho va thao méan yéu
cau thiét ké. Két qua ciing cho thaytrudng hop 6 t6
phanh va truong hop 6 t6 vua phanh vua quay
vong banh xe dao dong kha 16n. Két qua cia bai
bao c6 thé sir dung dé thiét ké t6i wu hé thong treo
hai ¢on ngang.
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Abstract:
OPTIMIZING KINEMATIC OF THE DOUBLE WISHBONE
INDEPENDENT SUSPENSION WITH CONSIDERING THE ELASTICITY
OF THE DOUBLE WISHBONE INDEPENDENT

Previously, the author has published 02 scientific researches®® on 02 scientific journals associated to
survey and kinetic analysis of the double wishbone independent suspension. This paper will present the
method for optimizing kinematic of guiding component of suspension system and the results when taking the
elasticity of the guiding element into consideration.

Keywords: Suspension; kinematics, dynamics, ADAMS, Optimal.
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