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Tom tit

Tur khoa: Do chinh xac cua bd phan cong tac cua may moc thiét bi phu thuge vao dung
sai ché tao ciia cac chi tiét may t6 hop nén hé thong. Céc bai toan tong hop co
céu thuong 1y twong hoa cac khau, khép ma khong tinh dén sai s6 ché tao khe
hé khép va do dai khau. Bai bao nay s dung phuong phép giai tich dé xac

Co cdu nim khau ban 1&; Do
chinh xac; B9 dai khau; Khe

hokhdp. dinh anh hueng cua sai s6 khe ho khép va do dai khau dén sai 1éch vi tri lam
viéc cua khau dau ra trong co cau nam khau bén Ie.
Abstract

Keywords: The accuracy of working parts depends on tolerance of elements of machine

which construct the system. Mechanism synthesis often idealises linkages and
joints without considering the clearances of joints and deviation of linkages
dimensions. This paper proposes an analytical method to investigate the
influence of joint clearance and linkage dimension deviation on the working
position accuracy of output linkage in five-bar mechanism.
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1. GIOI THIEU

Do tin c@y cua may moc thiét bi phy thudc phan 16n vao chat luong ché tao cac chi tiét
may va chat lugng cac mbi ghép. Do tin cay ctia chuyén dong ctia co cu may ciing tuan theo qui
luat 6. Hién c6 nhiéu phuong phap giai bai toan anh hu:ong ctia dung sai thanh phan d6i véi
khau khep kin [1]. Bai bao nay trinh bay mét phuong phap giai tich xac dinh anh hudng cua sai
s6 kich thude cua cac khau va sai s6 ctia mdi ghép dén d6 chinh xac cia vi tri 1am viée ciia khau
cong tac. Pay 1 hai yéu td quan trong nhat anh huéng dén do tin cdy ciia hé théng co khi sir
dung cac co céu may.

Déi tugng nghién ctru trong bai bao nay hudng t6i mot dang co cau don gian ddc trung cho
co cau may, O day la co cau nam khau ban 1& phang Sau khi giai quyet van d& duoc dat ra voi co
ciu trén c6 thé 4p dung phu:ong phap nay d6i v6i bat ky co cdu phing khac. Co céu nam khiu
ban 1& voi hai bac ty do gdm c¢é bon khau dong va mot gia. Khi lam viéc can cho trude chuyén
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dong cua dau vao (thuong la hai khau ndi gid) phﬁm dat dugc chuyén dong dau ra (quy dao
chuyén dong cua di€ém C) [2]. Nhu vy van dé can giai quyét trong bai bao nay la xét dén anh
hudng cia chiéu dai kich thude khau, va khoang cach khe hé khdp dén sai so vi tri ciia diém C.

2. PHUONG PHAP NGHIEN CUU

2.1. Anh huéng ciia kich thwéc khau dén sai s6 vi tri Iam viéc

C (xcyo)

Hinh 1. Co ciu ndm khau ban 1&

B todn: Co cu nim khau ban 1& (hinh 1) ¢6 2 béc tu do, dau vio 1a gbc quay cta khau 1
va khau 4 (6,,6,), dau ra 1a vi tri ciia diém C. Yéu cau xac dinh sai s6 do cac khau I, I, L, Ly, 15
anh hudng dén vi tri dau ra (tic 1a diém C) [3].

Phwong phap gidi:

- BuGe 1: Lap phuong trinh lién két gitra dau vao va dau ra (goc quay cua khau 1, khau 4
va vi tri diém C).

Vitridiém C ¢, = (x y)T
Vitri diém B b, =(/, cosé, [ sin6,)
Vitri diém D d, =(I,cos6, +1; [,sin6,)
Do dai khau 2 va khau 3 duoc tinh bai:
o =bo|=0  [(y—1,sin6,) +(x—1 cosb,) =1’
{|Co —di|=1, {(y ~1,sin, } +(x—1,cos, —L,f =12
Ta c6 hai phwong trinh lién két:

(y=1,sin@) +(x—1cos6 ) =17  (hamf;) (1)
(y—1,sin@,) +(x—1,cos@, —L, ] =1 (hamf3) (2)
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- Bude 2: Giai bai toan dong hoc ngugc [4], cho trudc vi tri ctia dau ra C yéu ciu tim 6,6,

Cho C (xc, yc), xac dinh 6,0, bang phuong phap 1ap Newton - Raphson giai hai phuong
trinh lién két (1) va (2). 7 ,

- Buoc 3: Ap dung khai trién Taylor bac 1 cho cac phuong trinh lién két, hinh thanh nén
cac biensai so0 AG,AC,Al...

Khai trién Taylor bac 1 cho hai phwong trinh lién két (1) va (2) ta co:

AL
A % % U % U,y | [
06, 00, {A@} o, o, o, al, ol Alj N ox. Oy, {Axc}zo 3)
o O |AG] 9 o O O ), | |Y DM
06, 06, o, o, ol, ol | | |ox. oy
AL |
[4]ac]=[8]al]+[c]ad] 4)
Trong do:
[AC]Z[AXC Ayc]T
[Af]=[Al AL AL AL ALT
[A6]=[r6, Ab,T
[A]— x—1,cos6, y—1smng
| x—1,cosf, -1, y—I,siné,
[5]- xcos@ +ysinf, -1 1, 0 0 0
- 0 0 [, xcos@,+ysinb, -1, -l cosl, x—1,cosb,—I
[C]— vl cos@, —xl, sin 6, 0
| x—1,cos0, 1, y—1,sin6,

- Budc 4: Khong xét dén sai sO cua dau vao 6,,6,, tim moi quan hé gitra sai sO vi tri diém
C va sai s0 cua khau.
Khong ké dén sai s6 dau vao ta c6: A@ =0. Nhu vay (4) trd thanh:

[4]ac]=[8]a]

= [ac]=[4]"[B]ar]=[s]a/]

Trong do: [S ] = [A]f1 [B] duoc goi 1a ma tran hé s6 do nhay. H¢ s6 do nhay s€ cho biét duge
murc 6 anh hudng cua kich thudce cac khau dén sai s vi tri ddu ra.
2.2. Anh huwéng ciia khe hé khép dén sai s6 vi tri 1am viée

Bai todn: Co céu nam khau ban 1& (hinh 1) ¢6 2 béc tu do, dau vao 1a gbc quay cta khau 1
va khau 4 (6,,6,), dau ra la vi tri cua di€ém C. Yéu cau xac dinh anh hudng cua khe ho khop dén
sai s4 vi tri dau ra (tirc 1a diém C).
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Phwong phdp gidi: Gia thiét khe ho khop dwoc mé hinh hda nhu mét khau nho, vai chiéu
dai béng mot nira cia khe hd va vi tri cia khe hd dugc xac dinh bdi gée a; (hinh 2). Do vay
modt co cau nam khau hai bac tu do twong duong voi mot co céu 10 khau 7 bac ty do (hinh 3).
Tinh toan dong hoc cho co cdu 10 khau 7 béac tu do kha phurc tap, nén bao cdo nay chi xet dén
anh huong ciia khe ho timg khop riéng 1é (tai A, B, C, D, E) dén sai sb vi tri dau ra ciia co cau.

X
ls
1 7777 7
Hinh 2. Khe ho khép A Hinh 3. Co ciu phang tuong duong

- Xét anh hudng ciia khe hé khép tai A dén sai sé vi tri diém C
Néu chi tinh dén khe ho khép & khép A (hinh 4) thi goc giita khau AE va A'B duy tri la 6,
khi AA' quay quanh diém A, vi tri cta diém C dugc xac dinh nhu sau:
{r] cosa, +1,cosf +1, cosﬂl}
C, =

rsing, +1 sin 6, +1, sin S,

6))

Trong d6 ¢, 1a géc vao ctua khau AA'so v6i phuong ngang. Goc S, 1a goc ra cua khau BC
s0 v6i phuong ngang va c6 thé giai bang phuong trinh rang budc sau:

|Cl _do| =1 (6)
—e ++ef —4d
B, = 2 tan”! e tvye Wi 7
2d,

Trong do:
(I, cosb, + 7, cosar, — 1, cos @, — I, )’ + (I, cos@ +7, cosa, —1, cosb, — L) +

d ={(lsing +rsina, —1sin@,) +1 14 f =1 sin6 +rsine, —1,sin6,) +L —17 };
- 2(11 cosf, +r cosa, —1, cos, — I )l2 + 2(11 cosf, +r, cosa, —1, cosf, — I )l2

e, =4I sin 6+, sine, —1,sin b, ),
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Vi két cau danh nghia, vi tri diém C cho truéce 1a ¢, =(x y)T , thi anh hudng cua khe ho
khop tai khép chu dong A dén sai sb vi tri diém C duoc tinh nhu sau:
[,cos@ +rcosa, +1,cos B, —x
b =¢ —¢ = . . . (8)
[;sin@ +rsina, +1,sin -y
Anh huéng ciia khe hd khop tai khép chi dong E dén sai s6 vi tri diém C dugc tinh tuong

tu.
- Xét anh huong cua khe ho khop tai C deén sai so vi tri diem C

6,

Is

—777 <
A E

Hinh 5. Anh huéng cta khe hé khop
bi dong C dén sai so vi tri diem C

Hinh 4. Anh hudng cua khe ho khép
chi dong A dén sai so vi tri diem C

~ Néu chi tinh dén khe hé khop & khop C (hinh 5), vi tri ciia diém C' ¢6 thé dugc tinh qua co
cau kép BCC'D nhu sau:
[,cos@, +1,cos B, +r,cosa, ©)
Cc, =
> |1 sin@, +1,sin B +r,sin a,
Trong d6 «; 1a géc vao cua khau CC' so v6i phuong ngang. Goc f; 1a goc ra cua khau
BC so v&i phuong ngang va c6 thé giai bing phuong trinh rang budc sau:

|C3 _d0|:l3

—e,+q/e; —4d
Thay (10) vao (9) ta cé: S, =2tan™ & ;; /3 . Trong d6:
3

(10)

(l1 cosé, +r,cosa; —1, cosb, -1, )2 + (l1 cos, +r,cosa; —1, cosl, — 1. )2 +
dy=4(l,sin@, +rsine, —1,sin@, ) +1 —17 4, f, =1, sin6, +rysina, —1,sin, ) +17 —1; 4

- 2(11 cos, +r,cosa; —1, cosl, — 1. )l2 + 2(11 cosf, +r,cosa; —1, cosb, — 1. )l2

e, =4(I sin 6, +rysina, —1,sin 6, )I,
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Vi két cau danh nghia, vi tri diém C cho truéce 1a ¢, =(x y)T , thi anh hudng cua khe ho
khép tai khép bi dong C dén sai s6 vi tri ¢iém C dugc tinh nhu sau:

l,cos@ +1,cos B, —x
Py =6 —¢ =

. . (11)
Lsm@ +1,sinf,—y

Anh hudng cta khe hé khép tai khép bi dong B va D ciing dugc tinh toan twong tu.

3. KET QUA VA THAO LUAN

D¢ danh gi két qua phuong phap, ta ldy mot mo hinh co cdu 5 khau voi chiéu dai khau va
khe ho khép duoce cho trude, tir d6 tim ra sy anh huong doi véi sai so vi tri dau ra. Cho co cau 5
khau voi cac thong s6 sau: [, =1, =1,2m;1, =1, =1,0m;l; =1,6m . Khe ho khép ddi voi timg loai
khép va kiéu 1ap s& khac nhau, nhung dé dé dang tinh toan ta lay d6 dai khe ho khép tai khép A,
B,C,D,Elar (i =1..5)=1Qum. Pé tao ra mot qui dao tron thi toa d§ cua diém C c6 thé dinh
x=0.8 +0.3cos¢p

nghia bang phuong trinh tham s6 sau vdi goc ¢ cho trude: .
y=1.6+0.3sin¢@

2 T T T T T T
— XC
= yC
_
E 45t i
«
S
=
<
=
E .0 i
>
0.5 1 1 1 1 1
0 1 2 3 4 5 6 7
Phi(rad)
Hinh 6. Quy luét chuyén dong cia dau ra C
2 T T T T T T
— 1 m—thetal
= " e theta2
Z 18 —
=3
<
S a7 —
=
=S 16 i
z
1.5 R
=
E 1.4 i
= 13 .
1 1 1 1 1
0 1 2 3 4 5 6 7
Phi(rad)

Hinh 7. Quy luat chuyén dong ctia hai khau dan

3.1. Két qua tinh toan anh hwéng ciia kich thwéc khau dén sai s6 vi tri ddu ra

D0 nhay sai so:
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E
=
o0
g |
2
(=9
=3
é) —
8 —
3 i
7
Phi(rad)
Hinh 8. Anh hudng cua kich thugc khau dén sai s6 vi tri d4u ra theo phuong X
5 T T T T T T
_ — 11
=) — 12
= — 13
g 14
—_—
S of e 15
(=3 —
£
2
3
5 I 1 I 1 1 1
0 1 2 3 4 5 6 7
Phi(rad)
Hinh 9. Anh huong cua kich thudc khau dén sai sé vi tri ddu ra theo phuong Y
Bang 1. Gia tri hé s6 d6 nhay
l; Min(S ) Max(S 1) Min(S5) Max (S2)
1 -0,0407 0,5468 -0,3304 0,6288
2 0,4346 0,7046 0,7097 4,3227
3 -0,7046 -0,4346 0,7097 4,3227
4 -0,5468 0,0407 -0,3304 0,6288
5 0,4249 0,5751 -4,2937 -0,5054
Trong do:
Min(Sy;): gid tri nhé nhat cua h¢ so do nhay do anh hudng cua kich thudc khau i theo
phuong x.
Max(Si): gia tri 1on nhat cia hé so do nhay do anh huong cua kich thude khau i theo
phuong x.
Min(Sy): gid tri nhé nhat cua h¢ so dd nhay do anh hudng cua kich thudc khau i theo
phuong y.
Max(S,i): gia tri 1on nhat cia hé so do nhay do anh huong cua kich thude khau i theo
phuong y.
Nhan xét ket qua:

Tur két qua tinh toan trong cac hinh 8, hinh 9 va bang 1, co thé théy duoc mirc do anh
huong cta chiéu dai cac khau dén sai sO vi tri lam vi¢c theo hai phuong thong qua su thay doi
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ctia hé sb d nhay. Trong trudng hop cu thé néu trén, anh huong kich thude khau 1 va khau 4
dén sai s6 vi tri lam viéc theo phuong x 1a l6n nhét, anh hudng cua cac khau con lai dén sai s6
vi tri 1am viéc theo phuong y 14 rit 1on. Dya vao két qua néu trén c6 thé kiém soat duoc sai sb
vi tri lam vi¢c thong qua viéc ché tao chinh xac hon céc khau c¢6 mirc 46 anh huong lon dén sai

sO lam viéc.

3.2. Két qua tinh toan anh huéng ciia khe hé khép dén sai s6 vi tri diu ra

x 10°
6 T T T T
::z_ e
g 1
1
s 2 —_—X11,X21 i
S —X12,X22
= o m—X31,X41,X51 |
S — X32,X42,X52
S 2f .
S
s 4+ _
wn
6 1 1 1
0 1 2 3 5 6 7

Phi(rad)

Hinh 10. Anh huéng ciia khe ho khép dén sai s6 vi tri du ra theo phwong X

(&)

Sai so theo phuong Y(m)

—Y11,Y12,Y13,Y14,Y15
— Y12,Y22,Y32,Y42,Y52

Phi(rad)

Hinh 11. Anh huéng cta khe hé khép dén sai s6 vi tri du ra theo phuong Y

Bang 2. Gié trj sai s vi tri diém C nho nhat va 16n nhét ( Lm)

Khop i Min (X, ) Max (X;,) Min(x,,) Max( X;,)
A -5,7510 -4,2490 4,2491 5,7509
E -5,7510 -4,2490 4,2491 5,7509
B 4,2490 57510 -5,7509 -4,2491
C 4,2490 57510 -5,7509 -4,2491
D 4,2490 5,7510 -5,7509 -4,2491
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I; Min (y;) Max ( ;) Min(y,,) Max();,)
A -4,2944 -5,0538 5,0538 4,2928
E -4,2944 -5,0538 5,0538 4,2928
B -4,2944 -5,0538 5,0538 4,2928
C -4,2944 -5,0538 5,0538 4,2928
D -4,2944 -5,0538 5,0538 4,2928

Sai s6 vi tri diém C gy ra boi khe ho khdp dugc xac dinh theo hai phuong x va y, trong
do:

- x, la sai s6 vi tri diém C nho nhit theo phuong x do khe ho khop tai khép i, tuong tng
v6i goc vao a, =180 (hinh 2),

x,, 14 sai s6 vi tri diém C 16n nhit theo phuong x do khe hd khép tai khop i, twong ting
v6i goe vao «, =0°,

- v, 1a sai s6 vi tri diém C nho nhit theo phuong y do khe ho khop tai khép i, tuong tng
v6i goc vao a, =90°,

- y., 1a sai s6 vi tri diém C 16n nhét theo phuong y do khe ho khép tai khdp i, tuong tng
v6i goe vao a, =270,

Nhdn xét két qua: , ,

Do vai tro lam viéc cua cac khop tai A va E la nhu nhau nén anh huong dén sai 86 vi tri la
nhu nhau, Di€u nay tuong ty voi cac khop tai B, C va D, Két qua sai s6 tai d6 thi hinh 10 va
bang 1 cho thay muc d6 anh huong cua khe ho khop tai tat ca cac khop dén sai s vi tri lam viéc
gin nhu giéng nhau, Giai doan lam viéc ban dau cua diém C ung véi goc @ thay dbi tir

1< ¢ <3 (rad), cac khe ho khép giy ra sai sb 16n nhat, Giai doan tmg v&i goc ¢ thay doi tir
4<@<5 anh huong rat nho, Didu nay c6 ¥ nghia quan trong trong viéc chon hanh trinh lam viéc
it sai s& nhat, dat duoc hiéu qua cao,

4, KET LUAN

Do chinh xac dong hoc cua vi tri 1am viéc trong co cAu nam khau ban 18 chju anh hudng
ctia dung sai kich thudc khau va khe ho mdi ghép cua cac khop dong, Phuong phéap xac dinh anh
huong ciia dung sai khau va khe ho khop trong bai bao nay 1a phwong phap giai tich, Qua do thi
hodc qua s6 liéu tinh toan & bang, ta c6 thé xac dinh sai sb tai vi tri bat ky trong chu ky lam viéc
cta co cau, Tur d6 xac dinh duge do chinh xac dong hoc co cau, Thong qua cac gia tri do nhay va
sai sO i tri, ¢6 thé xac dinh duoc khau hodc khop gy anh huong 16n nhét dén sai sb cua cac vi
tri chip hanh, tir d6 dua ra cac giai phap ché tao t01 uu, Phu:(mg phap co thé duoc ap dung véi
cac co ciu phang khac, dic biét 1 trong cac co cAu lam viée doi hoi @ chinh xac cao, nhim
nang cao do tin cdy khi lam viéc,

LOI CAM ON

Nhom tac gid cam on su hd trg ciia Trudong Pai hoc Cong nghiép Ha Noi trong nghién ciru.
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