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NGHIEN CUU KHOA HOC

Ung dung mé phéng s6 két hgp véi cong nghé Synchronous
trong thiét ké va té6i wu héa cor cau Cam

Application of digital simulation combined with Synchronous
technology in designing and optimizing of the Cam mechanism

Nguyén Vin Hinh*, Mac Van Giang
*Tac gia lién hé: nvhinh@saodo.edu.vn
Trwdng Dai hoc Sao Do

Ngay nhan bai: 12/4/2022

Ngay nhan bai sra sau phan bién: 19/9/2022
Ngay chap nhan d&ng: 30/6/2023

Toém tat

(ng dung cong nghé mé phdng sb két hop véi cong nghé thiét ké Synchronous (thiét kéddng bo) da dem lai tinh
trwc quan do chinh xac thiét ké. Tir cac diéu kién bién, nhém tac gia tién hanh xay dirng mé hinh khéi thiy cta
co cau Cam, théng qua cac rang budc vé dong hoc mé phéng bién dang Cam. Tir bién dang Cam nay ching ta
tién hanh xay dwng hinh bé mat Cam, mé hinh vat ly cia Cam va hoan thién mé hinh vat ly clia toan bé co cau,
v&i cac diéu kién bién da cho, tién hanh dat lwc, mé phdng ap lwc khédp dong, phan tich trwdng rng suét va thuc
hién t&i wu hoa két cdu co khi theo chi tiéu d6 cirng dat dwoc 1&n nhat. K&t qua nghién ciru nay duoc trng dung
trong viéc thiét ké co cdu Cam phang gdp phan giai quyét dwoe cac van dé phirc tap trong thiét ké co cdu Cam
va dem lai tinh trwc quan ciing nhw d6 chinh xac thiét ké, 1am co’ sé& cho viéc xay dwng hé théng ban vé va tao
diéu kién gia cong trén cac may diéu khién sé (CNC).

Tir khéa: Thiét ké; co céu; Cam; phén tich; mé phéng; t6i wu héa; diéu khién sé.

Abstract

The application digital simulation technology combined with Synchronous design technology (synchronous
design) has brought about intuitive design accuracy. From the boundary conditions, the authors proceed to build
the initial model of the Cam mechanism, through the constraints of kinematics to simulate the Cam profile. From
this Cam profile, we proceed to build the Cam surface shape, the physical model of the Cam and complete the
physical model of the whole mechanism, with the given boundary conditions, apply force, simulate Dynamic
joint pressure, stress field analysis and optimization of mechanical structures according to the highest achieved
hardness criteria. The results of this study, applied in the design of the flat Cam mechanism, contribute to solving
the complex problems in the design of the Cam mechanism and provide the visualization as well as the design
accuracy, as the basis for this study for building drawing systems and facilitating machining on computer numerical
control machines (CNC).

Keywords: Design; mechanism; CAM; analysis; digital simulation; optimization; computer numerical control.
1. DAT VAN BE

Co .cau Cam la mét loai co cAu khép cao dung dé
truyén chuyén déng. Co cau nay co thé tao nén chuyén
déng qua lai (c6 thdi diém dirng) theo 1 quy luat xac
dinh triwdc cda khau bi dong. Cam la khau cha déng,
can khau bi ddng. Khi Cam va can & trong cuing 1 mét
phéng, hodc & trén cac mat phang song song ta cé co
cau Cam phang, khi Cam va can khéng cung nam trén
1 mét phang hodc 2 méat phéng khéng song song ta cé
co cAu Cam khéng gian [1].

Hinh 1. Cam trong co céu cap phéi tuw dong

Trong co’ cAdu Cam, Cam va can dwoc ndi véi gia bang

Nguoi phan bién: 1. PGS.TS. Lé Hong Ky khop thép (khop truot, khop quay) va néi véi nhau

2. GS.TS. Tran Vin Bich
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béng khép cao. Théng thwong Cam néi véi gia bang
khép quay; khi can néi véi gia bang khép trvot ta dwoc
co cdu Cam can day, can khi d6 sé chuyén déng tinh
tién qua lai; khi can néi v&i gia bang khép quay ta dwoc
co cau Cam can lac, can khi d6 chuyén doéng lac qua
l4c lai [1].

Co cdu Cam duoc sir dung nhiéu trong ché tao déng
co, may thwe phdm, may céng cu, may dét vai, co cau
cap phoi tw déng va dwoc siv dung trén mot sb thiét
bi khac.

Dé thiét ké co cAu Cam, théng thwdng dwoc thye hién
theo phwong phap giai tich két hop véi phwong phap
dwng hinh [1], phwong phap nay cé nhwoc diém la
dwng bién dang Cam va tinh toan ap lwc khép déng
mat nhiéu thdi gian (Hinh 2, 3), viéc bién dang Cam
dwoc xay dwng dwa vao mét sé diém gii han va diém
trung gian do d6 bién dang Cam con nhiéu sai s hinh
hoc, anh hwéng dén do chinh xac lam viéc, viéc tinh
toan kiém nghiém bén cho co cau phirc tap, két cdu co
co cau thira bén nhiéu so v6i yéu cau.

Hinh 3. Tinh toan ap luc khop déng

Theo Hinh 3, ap Iwc khép dong dwoc tinh toan theo
cbng thirc sau:

Cos@,x Cos¢
Cos(a+@,+¢)

N=Px (1)
Do cac goc a, ¢, @, trong céng thirc (1) thay déi dan
t&i viéc xac dinh chinh xac ap lwc khép déng (N) con
kho khan.

Ngoai phwong phap tinh toan truyén théng nhw trén
con str dung phan mém hé tro thiét ké co cdu Cam

LIEN NGANH CO KHI - DONG LUC

nhw phdn mém CamTrax, wu diém cta phan mém nay
la nhanh chéng tao ra bién dang Cam va cac dd thi
vé doéng hoc trén co s& cac diéu kién bién thiét ké.
Tuy nhién, trén phan mém nay khéng tinh toan duwoc
céac théng sb vé lwc, diéu kién bén, t6i wu héa két cau,
chwa dem lai giai phap tong thé trong thiét ké. Dé khac
phuc nhitng nhwoc diém trén tac gia nghién ciru (rng
dung mé phéng sé két hop véi cdng nghé Synchronous
trong thiét ké va tdi wu héa co cdu Cam.

2. THIET KE SO BO CO' CAU CAM

2.1. Piéu kién bién

- Thiét ké moét co cau Cam can day dé diéu khién hanh
trinh clia mai khoan, diéu kién vé déng hoc nhw sau:
Hanh trinh cat H = 15(mm) trong thoi gian t, = 10(s),
dirng & day 16 trong thoi gian t, = 1(s), hanh trinh IUi

mai khoan H = 15 (mm) trong thoi gian t, = 2(s), cho
gia cong chi tiét tiép theo trong thoi gian t, = 5(s).

- Bwong kinh vong co s&@ Cam: d = 75(mm).

- Céng suét dong co dan dong: P = 2(kW).

- Phan lyc clia can tac dong l1én Cam P,= 4.000(N).

- Vat liéu ché tao Cam va can la thép C40 (AISI 1040).
2.2. Co's¢@ tinh toan

~Chuky lam viéc cla co clu: T=z t=18(s).

- Chu ky lam viéc cla co céu tu’g’4ng &ng véi 1 vong
quay cla Cam (¢ = 360°), do d6 géc quay ctia Cam

twong (rng v&i cac thanh phan trong chu ky lam viéc

nhw sau:

N=Px Cosp,x Coso ?)
Cos(a+¢,+¢)

Thay céc gia tri tinh toan tir (2) dwoc két qua:

Bang 1. Géc quay cua Cam trong cac chu ky

t1=mxT t2i xT t3=£ xT t4=ixT
18 18 18 18
¢, =200° | @,=20° @, =40° ¢, =100°

T céac thong sb da cho, xay dwng duwoc dé thi DBDV
(Dlrng - Bi xa - Dirng - V& gan) cla co cAu.

H
15r—————— = —
2 | © 12l -G
5 | ol 151 &
a | ] ar <
0 J | | 1
100 300 320 360 @
0 T
5T/18 10T/18

1T/18
Hinh 4. D6 thi DPDV

2T/18

- Quan hé déng hoc gira can va Cam: Goi hé toa do
tuyét d6i gan véi can (khau 2), hé toa do twong ddi gan
v&i Cam (khau 1). Xét tai thoi diém tire thei [1]:
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Va2 = Var + Vagas (3)
~ \Khau 1
Vaz,, | Khau2
Hinh 5. So' dé quan hé van téc
Trong dé:

V,, : Vecto van tbc tuyét dbi cta diém A (Van tbc cla
can);

V,, : Vecto van téc twong déi cla diém A;

V,, : Vecto van téc theo.

2.3. M6 hinh tinh toan

- Xay dwng md hinh khéi thiy: T cac diéu kién bién
da cho, ’ng dung phan mém Altair Inspire [5], dwng mé
hinh khéi thdy gdm 1 tdm phang quay 1 vong quanh
truc cb dinh, 1 can day chuyén dong tinh tién véi hanh
trinh H = 15mm (Hinh 6). Tai vj tri diém tiép xuc (A)
thiét 1ap quan hé van téc theo (2) v&i diéu kién rang
budc theo Hinh 4 v&i gia thiét van téc goéc clia Cam la
w=21(rad/s).

Hinh 6. M6 hinh khéi thiy co cdu Cam
- Xay dwng dac tinh diéu khién vi tri theo th&i gian.
S dung cong cu Actuators thiét Iap méi quan hé vé vi
tri va dac tinh diéu khién vi tri can day theo thoi gian
nhw Hinh 7.

e Bl T e e e T s K
Fumtor: N«
ks Bam

G192 T (Foo T - I I I "t
05554y
D055 s
aimns

w s 3

StegCn Chraborn
Compms 1o Table \

1]

» \

Dol Tise:
StepOF Dhanker:

[ B2 o4 o o 1
Time 151

Actuatar 1 - Displacoment

Length (]

uf 12 8
Foasat e Pt TS I N

Hinh 7. D6 thi ddc tinh diéu khién vi tri can day
theo thoi gian

ol T w o ® 8

Tw @ thi ta thay bién dang d6 thi hoan toan chinh xac
vé&i thue té qua trinh lam viéc khi khoan.

- M6 phoéng bién dang Cam: Bién dang Cam la tap
hop lién tiép vi tri cGa diém A trong mét chu trinh lam
viéc clia co cau, str dung céng cu Analyze Motion mo
phéng bién dang Cam.

Bién dang Cam dwoc mé phdng béi vo sb diém déng
phéng sép xép theo mét quy dao nhéat dinh theo diéu
kién rang budc hinh hoc, do dé dé tao ra dwoc dudng
cong vat ly, str dung cédng nghé Synchronous, sau do
tao ra mo6 hinh dac ctia Cam [2].

Hinh 8. Bién dang Cam

Hinh 8 1a két qua cla qua trinh mdé phdng bién
dang Cam.

Hinh 9. M6 phdng bién dang Cam

V&i phwong phap thye hién nhw trén da dwa ra dwgc
mé hinh khéi thiy dang 3D cua chi tiét Cam. So v&i
phwong phap thiét ké truyén théng bién dang Cam
chinh xac hon b&i co ché tw déng ndi suy lién tuc cia
phan mém da dam bao bién dang dung quy luat ctia dd
thi DBDV trén Hinh 4.

2.3. M6 phéng s6 co’ ciu Cam

Théng sb dung dé mé phéng co cau Cam:

- S6 vong quay ctia Cam:
n=T=—=3,333(v/p) (4)
- Momen xo4an trén truc déng co

m=9,55x =9 55x 218
n 60

=5,73(kN.mm) (5)

- Théng sb co ban cla 16 xo chiu nén:
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+ Vat liéu: Thép 65Mn.

+ Duwdng kinh day: d = 2(mm).

+ Duwdng kinh ngoai: D = 26(mm).
= Appearance
Mv K 1 N/mm | B Visible
C 0.001 Nes/mm | 5 Diameter 26 mm
3 D 5 05
Fi % 3284790 # e
Lf 75 mm Mumbero_ 9
Li 71,7152 mn ColCalor [ grav60
Sy Damper C_ gray80

Hinh 10. Nhép théng s6 16 xo

- Khai bao ma sat ap lwc khép déng

=l Friction Eff_
Effect Ty_
Static Co_

Drynamic _
Stiction T
Active for_
Bristle Stif_
Damping -
Viscous C_

Stiction and Shding
0.3

0.25

2 mm/'s

100 M/mm
0.000316 N*s/mm
AE-07 N*s/mm

Hinh 11. Ma sét ap luc khép déng
- Khai bao théng sé diéu kién bién (muc 2.1).

Dac tinh diéu khién

Miotor 7 - Speesd

Théng sb dong co

Frogarty Eime

400N o N\ B ¥

Hinh 14. Chia lu6i phén tich véi 566791 phén to
tam giéc, s6 Nodes la 795529, do chinh xac 0,01mm
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Ron Motioh Aralysis” soiiiiiiimieinianninaainnaie
Typs Time Domain v
End Time: 1 2 5 1 W &
Output Rate: " 30Hz 0 30 50 100 300 500
Animate © Whie Solving \When Finished

Analysis Type &

Ui © Trensent (inciuce dynamic fiscts)
Start 2t equibrium

Statics { ignore dynamic effects )
Gravity
Contacts

« K«

Advanced

Reset  ~ Expot v |k Run Close
Hinh 15. Béng bé thoi gian mé phdng véi chu trinh
lam viéc

Motion Contact 1
Motion Contact - Mormal Force

Farce (M)
588 3
s 8 & 9

(=]
|
|
|

0 05 1 15 2
Time (s)

H X FY W FZ W

Analysis Type: Transient
Hinh 16. D6 thi 4p luc khép déng

T d6 thitrén Hinh 16 cho biét ap lwc khép dong tang
dan dén 4.000(N) tinh tir thoi diém bét dau khoan dén
khi dat dwgc d6 sau twong ng véi 1/4 chu ky lam
viéc (4,5 giay) sau d6 ap lwc nay dwoc duy tri trong
thoi gian twong trng v&i 1/2 chu ky (9 giay) lac nay da
khoan dat dd sau cua 16, tir thdi diém mai khoan dirng
& day 16 va nhac miii khoan va che khoan 16 tiép theo
thi ap lwc khép déng giam dan.

Ma sét ap lwc khép ddng.

Heé s ma sat ap lwc khép dong dwoc tw dong tinh toan
nhw sau:

Effect Type Stiction and Sliding
Static Coefficient 0.201
Dynamic Coefficient 0.18

Stiction Transition Velocity 2 mm/s

Active for Static Analysis

Bristle Stiffness 100 M/mm
Damping Coefficient 0.000316 N*s/fmm
Viscous Coefficient 4E-07 N*s/mm

Hinh 17. Két qua tinh toan hé sé ma sét 4p luc
khép déng

Hé s6 ma sat tinh cyc dai: f, = 0,21.
Hé sé ma sat dong: f, = 0,18.
Lwc ma sat, theo [1]

Fins =NXf, (6)

Do f, = 0,18 1a hang s6, vay lwc ma sat ap lwc khop
dong cé cung dac tinh v&i ap lwc khép déng va tri s
dworc tinh theo céng thirc (6).

Phan tich (rng suét trén chi tiét Cam
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Hinh 18. B4 thi (ing suét trén Cam

Nhan xét: Ung suétIén nhattrén Camla 0,41 MPa, gia
tri nay nhd hon rat nhiéu so véi gi¢i han bén cho phép
cla thép C40 Ia o= 580 (MPa).

Xuét phat tlr yéu cau lam viéc clia co cdu Cam, da xay
dwng dwoc mé hinh khéi thiy cla chi tiét Cam, phan
tich (rng suét trong qua trinh l1am viéc cda chi tiét cho
két qua chi tiét thira bén, két cAu phan than cua chi tiét
va do day cua chi tiét chwa hop ly, gay lang phi vat liéu,
do d6 can phai t6i wu hoa két cu cla chi tiét d& dam
bao tinh hiéu qua trong thiét ké.

3. TOI WU HOA THIET KE

Theo két luan & tai liéu muc [2.3] két cAu Cam thiét ké
so bd chwa hop ly, thira bén, lang phi vat liéu, tinh toan
dé dam bao cho chi tiét vira di bén, tiét kiém vat liéu.
ton hao cong suét, ban than.

Chon muc tiéu (Objective) tbi wu hoa: Téi da héa do
cling (Maximize Stiffness) va gidm thiéu khéi lwong
50% (Minimize Mass) [3].

Trén co s& diéu kién lam viéc cla chi tiét va muc tiéu
tdi wu héa, phdn mém ty déng phan tich két cau va
gidm thiéu khéi lwong, dwa ra mé hinh dw bao, trén co
s& do thiét ké lai chi tiét md hinh dw bao, trén co s& do
thiét ké lai chi tiét.

Run Optimization

Name: Model 3
Type: Tepoleay \ v
Obgective: Mamlze-S-toﬂnm_ N B
Mass Targets: ii;;f-TgtaJ De—agl Sp;oe Volume »
@ S 5 WIS 20 25 30 35 40 45 50
Frequency Constraints
i) None
| /@ © Maxmeze frequences
i
Sl Minimumw; |20 Hz || Apply to lowest 10 modes
| Use supports from load case: | No Supports v
| Thickness Constraints
@ Minmum: |5 mm F 4
Masamum: |8.3831 mm 7 i
Speed/Accuracy ¥
Contacts 2
© Skding only
g Siding with separation | =
Gravity ¥
Load Cases ¥
Restore  ~ Export  ~ *» Run Close

Hinh 19. Thiét I4p cac diéu kién téi uu

Chay chwong trinh t6i wu: Phadn mém giéi thiéu mo
hinh dang file “*.stmod”.

=

Hinh 20. M6 hinh téi uu khéi thiy

Chuyén ddi sang dinh dang “.stl”. st dung phan mém
thiét ké ngwoc Geomagic Design thiét ké& lai mé hinh

chi tiét [4].

Hinh 21. Mé hinh chi tiét sau khi thiét ké lai trén phén
mém Geomagic Design

Kiém nghiém lai do bén cho chi tiét.

Hinh 22. Kiém nghiém chi tiét sau khi thiét ké lai

Nhan xét: 'ng suét I&n nhét trén chi tiét tdng I&én do da
giam khdi lwong chi tiét, cu thé (rng suét I&n nhét trén
chi tiét la: o,= 580 (MPa)

Chi tiét Cam dam bao diéu kién bén.

Panh gia két qua téi wu thong qua khdi lwong chi tiét
[5]: Khéi lwong chi tiét sau khi téi wu la 0,65kg, khéi
lwong chi tiét trwde khi tdi wu hoa la 2,03kg va dat ty 1é
gidm khéi lwong la 67,9% so véi mu tiéu téi wu la 50%.

4. KET LUAN

- Pua ra duwoc phwong phap thiét ké bién dang Cam
v&i d6 chinh xac cao bang phwong phap mé phéng sb
xuét phat tir cac diéu kién rang budc vé quy luat hinh
hoc dé tao ra dwoc bién dang Cam (Hinh 8) la tap hop
céac vi tri lién tuc cta 1 diém, tir d6 l1am co s& dé xay
dwng mé hinh 3D dang tbi wu cla chi tiét Cam.
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- Ung dung phwong phap mé phéng sé cho phép
phéi hop dwoc gitra viéc dwng mo hinh khéng gian
3 chiéu, v&éi mé phéng dong lwc hoc, trong d6 cac
diéu kién bién phan anh dwoc diéu kién thwc té nhw
ma sat, tinh 6n dinh cuta trong tam va c6 thé thiét lap
dwoc vat liéu maéi.

- Cac théng sb dong lwc hoc lam dau vao cho viéc
phan tich, t6i wu v&i sw tre gidp cla phan mém Altair
Inspire va phan mém Geomagic Design.

- Ung dung mé phdéng sé két hop véi cong nghé
Synchronous trong thiét ké co’ khi néi chung va co' cau
Cam néi riéng da tdi wu hoa chi tiét Cam véi muc tiéu
chi tiét dat d6 cirng téi da trong diéu kién rang budc la
tiét kiem 50% (thwc té phan tich tbi wu dat ty 1& 67,9%)
khéi lwong vat liéu, nang cao d6 bén déu, (rng suét Ién
nhét trén chi tiét Cam tang tir 0,41MPa dén 45,17MPa.
Mo hinh chi tiét dwoc thiét ké dam bao dd chinh xac
bién dang Cam, ddm bao tinh cong nghé va do bén
déu trong két cau, lam co s& cho viéc lap trinh gia cong
trén cac may CNC dé nang cao dé chinh xac, gép phan
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