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TINH TOAN DUNG SAI CHUOI DAN PONG CHOT KHOA KET SAT BANG

PHUONG PHAP SO

TOM TAT

Pham Thanh Long", Lé Thi Thu Thay
Truong Pai hoc Ky thudt Cong nghiép — PDH Thai Nguyén

Trong ché tao may viéc dam bao do chinh xéac ctia cic co ciu co khi 1 mot trong cac ndi dung co
ban. O budc thiét ké, ngudi k¥ su can dinh luong dugc gia tri dung sai cua cac chi tiét may dwa
trén so dd lién két dong hoc cua chung. Chudi kich thuée la mot trong nhirg phuong phap pho
bién dé 1am viéc nay, tuy nhién cac chudi khong gian Vol s6 lwong khau 16n khong dé 6 duoc 101
giai hop 1y. Bai bo nay gidi thiéu mot phuong phép sé gitp xac dinh dung sai cac co ciu khong
gian nhanh chéng, chinh xac va ton trong phan mg dong hoc ty nhién ciia co cdu hon phuong
phap chudi kich thudc truyén thong. Chiing t6i cling minh hoa giai thuat trén mot co ciu co khi 1a
hé thong dan dong chdt khoa két sit. Két qua thyc nghiém trén mé hinh va mé phong cho thay tinh
dung dén ciia giai thuat trong diéu kién l4p 1an hoan toan chi tiét may. Phuong phap nay hoan toan
¢6 thé img dung trén cac cum chi tiét may dang chudi dong kin hodc ho.

Tir khéa: dung sai; chubi dong; ldp lan; dg chinh xdc,; Jacobian

MO PAU

Do chinh x4c ctia co cau chap hanh 1 hé qua
clia mot qué trinh tir thiét ké, ché tao, lip rap,
diéu chinh va didu khién. Viéc diéu khién
phan hoi khong thé thay thé hoan toan cho
chét luong ché tao co khi, do vay viéc xac
dinh dugc dung sai ctiia cac khau thanh phﬁn
tham gia vao chudi dong hoc 12 mot noi dung
co ban cua hé dan dong co khi.

C6 hai phuong phép co ban dé lam viéc nay,
mot 1a phuwong phap chudi kich thude truyén
thng [1]. Phuong phap nay dugc tng dung
trong nhidu k¥ thuat bao gdm ca tinh toan
dung sai chudi kich thudc va thiét ké do chinh
xac ciia cac phép do nhiéu thir nguyén [1]. N6
¢6 nhuge diém mang nhidu nhan dinh cha
quan do trong mot chudi dong n khau can gan
trude (n-1) thanh phan cua chudi dé giai khau
khép kin, cach lam nay tuy dam bao duogc
dung sai cia chudi song khong ton trong phan
g dong hoc tu nhién cta co cau.

Hai 1a dya vao ma tran Jacobian dé tim 4nh xa
ctia cac di chuyén nho ngd vao theo cac di
chuyén nho ngd ra [2]. Cach nay kha phic tap
va it dugc ung dung do phai xac dinh dugc
dao ham cua cac ham lién két dong hoc phirc
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tap, mat khac n6 ciing chua tim dugc dung sai
clia tat ca cac yéu tb thiét ké bao gom cac
kich thudce dai va kich thude goc.
Do bai toan dong hoc ngugc cua robot cling 1a
mot kénh phan anh chinh xac quan hé vé chat
luong ché tao cac khau thanh phan véi do
chinh xac vi tri va hudng khau cubi [3]. Nén
hoan toan c6 thé st dung cong cu nay xac
dinh dung sai cho cac chudi dong hoc néu co
mot cong cu giai dugc bai toan nay voi do
chinh xéac cao [3]. M6t sé nghién ctru khac st
dung hdi quy thuc nghiém s& khong xac dinh
dugc dung sai ché tao ma s& cung cp thong
tin vé mirc do anh hudng cua cic thong sb
khac nhau téi chét luong didu khién khau cubi
nhu do chinh xé4c, dién hinh cho huoéng
nghién ctru nay la [4].
QUAN HE DICH CHUYEN KHAU CUOI
VOI DUNG SAI KHAU THANH PHAN
Xét mot chudi dong hoc n thanh phan gém
cac yéu té kich thude dai va kich thude goc
khi khéng ké dén dung sai c6 dang nhu (1):
f(d,..d)=p;; i=1+m (D)

Trong d6 d; 1a kich thudc (dai hodc goéc) khao
sat, m la sb lugng diém khao sat;

M0 hinh (1) thé hién quan hé 1y tuong khi cac
tham s d; ché tao chinh xac va p; la diém
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mong mudn. Khi ké dén dung sai cta kich

thudce _d" vi tri va hu'('mg cta diém cubi co su

thay doi va duoc biéu dién boi phuong trinh (2):
f(d,tod,,...d £dd )=p,£op;;
i=1+m

@)

Do trong (2) chira ca kich thudc dai va kich
thudc goc nén bai toan nay rat kho dé khao
sat chung, tién hanh chia nho bai toan (2)
thanh hai bai toan dudi dang don gian hon
béng cach chi nhin nhan mot loai tham sb c6
dung sai trong mdi 1an khéo sat trong khi cac
tham s6 khac giit ¢6 dinh gi4 tri danh nghia
cua no:
f(d,+ad,,..d;+ad;d;,,...d))=p;£p, ;(3)
i=1+m
f(d,,..d;d,,+od
i=1+m
Trong (3,4) d...d; dugc coi la kich thudc dai,
dj+1...dy duoc coi 1a kich thudce goc.
Trong céc bai toan nay p; la toa do cac diém
khao sat duoc nguoi thiét ké lwa chon, £5 P,

d, +6d,)=p, £5p;3 4y

jHaree

thé hién chét luong dinh vi hodc dinh huéng
khau cudi mong mudn. Toan bd cac kich
thudc danh nghia di..d, 1iy theo thiét ké,
phuong trinh (3) chira j 4n s 13 cac dung sai
tr 6d,..0d; , phuong trinh (4) chia céc an s

la od. ,..od

IR n-*

Néu giai dugc cac phuong trinh (3) va (4) s&
x4c dinh dugc mién dung sai cua cac khau
thanh phan tham gia vao chudi kich thudc tai
cac diém khao sat, viéc céac gia tri nay co
dung cho ca mién gia tri cia cac tham sb doé
hay khéng can dugc chimg minh doc lap dé
c6 két qua cudi cung, viéc ching minh nay
dugc trinh bay trong muc tiép theo.

PHUONG PHAP SO CHO BAI TOAN DUNG SAI
Dé giai bai toan (3) va (4) vé6i dic trung cia
chudi kich thudc tong quét thi ching c6 dic
diém phi tuyén, siéu viét [3], vi (3) va (4) co
dang nhu nhau, ¢ day trinh bay cach giai véi
(3) 1a vi du.

Bién dbi so cip (3) vé dang tuong dwong nhur sau:
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Min[f(d, +od,,..d; £6d;d;,,...d,) = (p, £5p)];
i=1+m
(5)

Khi biéu dién cho mét chudi khong gian,

phuong trinh (5) dudi dang khai :[rién thuong

dudi de,}ng cac toa do thanh phan véi dang
khai trién nhu sau:

Min[(f(d, +d,,..,d,£6d,d, ,,..d,), — (P, £5p,),)7+
(f (dl J—ré‘dv"*dj iédj,dhl’“’dn)y _(pi ié‘pi)y)2+
(f(d,£5d,,...d;+5d;d;,..d,), = (P £5p,),)°];

i=1+m

(6)

Ham toan & (6) goi la ham Banana, trong [3] ban
dén cach giai bai toan nay bang phuong phap
GRG va hiéu qua thyc t& da dugc chimg minh.
Vén dé con lai & day 1a khi (3) va (4) giai
riéng, dap ung riéng 1é ciia cac nghiém dat
dugc tir (3) hodc (4) duong nhién théa man
c4c phuong trinh nay. Tuy nhién chung c6 thé
thoa min (2) hay khéng moéi 1a diéu kién du
dé chap nhan 10i giai c¢6 tu cach ung dung vao
ché tao. Su didu chinh mién dung sai dat dugc
trén co s phuong phap kiém tra phdi hop
nhu sau:

Goi d; e(d; i d; )

dung sai tinh toan doc 1ap cua d; theo (3) va

(4), chia khoang ndy lam k phan déu nhau,

v6i k du nho. Chuoi gia tri khdo sat voi moi

mot kich thuéc danh nghia s€ 1a mdt chuodi
cong co6 dang:
jmex =9 min d

jmax
dj E(djminrdjmin +Tv jmin

j=1..n 1a mién

d'max _d'min
Ry L LN I
k

Y P
j=1l.n

()
Nhu vay véi mot chudi dong hoc co6 n khau
dong, s6 t6 hop can kiém tra dung sai theo
phuong trinh (2) trén quan diém lap 1an hoan
toan céc chi tiét may s& 1a n* t6 hop.
Trong truong hop mot phuong an ngau nhién
nao d6 that bai, tirc (2) khong thoa man, viéc
diéu chinh c6 thé dién ra nhu sau:
- Di chuyén mot cdn xa hon so véi gia tri
danh nghia cua d; vé phia trung tdm, bo di
mot bude chia theo (7), lic nay gia tri mai
ctia mién la:
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d e djmax —d ;i p hop 1a rat 16n, tuy céc bai toan (3) va (4) duoc
E —

jmin Jmax) J=1.n giai riéng ré nhung dén day két qua da duogc

(8)  hop nhat khi st dung mé hinh (2) dé kiém tra

- Di chuyén cé hai can vé phia trung tim cua anh hudng phdi hop cua tat ca cac dung sai
mién bé di mot bude chia & mi dau: thanh phan.

0, e(dy+meGmn g gy e Gy, TINH TOAN DUNG SAI CHUOI DAN

ymin k i k DONG CHOT KHOA KET SAT

J=1.n Pé minh hoa quan diém 1y thuyét néu trén,

. . 9) trong muc nay ching t6i trinh bay mot tinh toan

Can 1ap moét chuong trinh dé lam vi¢c nay vi va kiém chimg bing md phong sb ciing nhu

khoi lugng tinh todn khi kiém tra toan bd n“t0  thye nghiém voi chudi canh cira trén két sit.
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(a) Mat ding cdnh (b) Khai trién mdt cat ngang canh cira

Hinh 1. Két cdu hé thong chét khéa canh cira két sat gom mueoi nhanh doc ldp va cdc kich thuede danh
nghia khi chua tinh toan dung sai

Cin ctr vao so do dong cua chudi ddn dong chdt khoa, xay dung so dd twong duong dé tinh toan
dung sai cho m¢t nhanh nhu hinh 2.

.Ban 1& cira

. Céanh ctra

. Pia trung tdm

. Thanh song phing
. Cang ngang

. Con trugt bi

. Chét khoa

. L& khoa @—
o
Hinh 2. So do héa mét nhanh déc ldp hé thong chot khéa canh civa két sdt

Khau 1: 13 ban 1& cira dudi cing cua canh cira (cira gdm hai ban 18, dong truc, dbi ximg qua duong nim
ngang di qua tdm canh ctra);

Khau 2: tugng trung cho mot nira chiéu cao, mot nura chiéu rong cla canh cua, tinh tir géc dudi bén trai
dén tam canh cua;

Khéu 3: Tuong trung cho ban kinh tic dong cua dia dan dong trung tim cua khoa, né gin voi cac khau

song phang sb 4 ¢6 hai du st dung khop R;
Khéu 5: cang ngang c6 chirc nang truyén dong tap trung cho cic chdt cing phia;

OO A W~
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Khau 6: Con trugt bi dugc so dd hoéa thanh 6 truot; ‘
Khau 7: chot khoa voi duong tdm di ddng theo vi tri canh ctra (gom 6 bac tu do khi tinh dung sai).

0, , X

Xs

d:

0 %gyo Xo

Hinh 3. M6 hinh héa déng hoc hé thong chét khéa canh cira két sdt theo kjf thudt robot
Bang thong s6 D-H:

Bang 1. Bdng thong sé6 D-H

R(zi1,00) T(zi.1,05) T(xi,a) R(xi,9:)
1 (6) d; a 90°
2 (&) 0 a, 0
3 () 0 as 0
4 () 0 0 90°
5 0 (ds) 0 -90°
6 (6) 0 2 0
X4y dung ma tran truyén dang:
n - a P
T=| a, P
— — — Pz

Tién hanh khao st su xé dich vé& hudng ctia chdt khoa xung quanh vi tri dong:

Zo

Yo
Ao -
o} 9

Xe

N
N

Hinh 4. Vi tri dong khéa chinh xac

Hinh 5. a) Su xé dich hudéng ciia chot véi truc nam trong hinh Hinh 5. b) 8 diém khao sat nam
noén cho phép trén dwong sinh mdt non
14
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Két qua khdo sat bai todn kich thwéc goc:

Véi duong kinh 15 va chdt da chon, ta co khe hé hudng kinh 13 0,5mm, nhu vay, sy 1éch huéng
cho phép cua tryc X s€ nam trong hinh nén nhu hinh trén, véi goc oma=0,0393 rad, dinh non tai

diém P(610,0,363)

Khao sat 8 diém trén duong sinh (hinh 5.b) cho ra sai sb cho phép cua cac bién khép dugc két

qua thé hién trong bang sau:

Bang 2. Két qua khao sat sai s6 cdc bién khép g

nx ax ay gl g3 g4 a5 g6

0 1 0 -1 0 -0,3914889  0,7715775 1,1462471 26 -1,5707963
1 0,999228 0 -1 0 -04062307 0,7776914 11507832 25,956184  -1,5615439
2 0999228 0 -1 0 -04062307 0,7776914 11507832 25,956184 -1,5615439
3 0999228 -0,03929 -0999228 -1056E-07 -04058793 0,7775117 111507461 25,956208 -1,5617971
4 0999228 0,0392899 -0999228  1056E-07 -0,4038704 0,7777601 1,1487591 25987616 -1,5630315
5 0999228 -0,019649 -0,999807 5,3E-08 -04010218 0,7767342 1,1480985 25999177 -1,5652816
6 0999228 0,0196487 -0,999807 5,28E-08 -0,399034 07666561 1,1543436 25,780797 -1,5612657
7 0999228 00196487 -0999807  528E-08  -0,4062307 0,7776914 1,1507832 25956184 -1,5615439
8 0999228 -0,019649 -0999807 -528E-08 -04062307 0,7776914 11507832 25956184 -1,5615439
Theo két qua khao sit ¢ bang 2, gia tri cua Phem oo e v o

bién khép q; thdng ké theo ting cot véi i= 1-6 chdp i due ok abt

s& bién dong trong mdt gidi han nhét dinh khi
so sanh cac gia tri 1on nhat va nho nhat cta
chung trong cac cdt do s€ dinh ra dung sai cua
ting khop.
Viy dung sai cho phép ciia cac bién khap la:

dq, = - 0.015 + 0.00 (rad)

dqs = - 0.0036 + 0.006 (rad)

dq4 = 0.00 + 0.005 (rad)

d0s = - 0.15 + 0.00 (mm)

dgs = 0.00 + 0.0088 (rad)
Kiém tra két qua trén phin mém:
Két qua mo phong trén phan mém khi quan
sat cac giao diém cua duong thing tuong
trung truc cia chdt voi mat phing day cua
hinh nén. Cac diém cham déu d3 roi vao
trong mat non gioi han.
Theo hinh 5, viéc kiém tra mot phwong an
dinh huéng nao d6 co6 roi vao trong noén
huong chép nhan duoc hay khong c6 thé thyuc
hién thong qua viéc kiém tra diém cat cua
phwong an d6 voi mit day cia nén. Néu diém
nay roi vao phia trong vong tron biéu thi day
ctia non thi phuong 4n d6 chip nhén duoc va
nguoc lai.

18 khoa

Diém giao cét véi
day cua huong
chinh x4c

H’inh 5. Kiém tra do chinh xac dinh huéng cua
chot khéa qua diém cham trén mat day non hudng
chap nhdn dwoc
Trén hinh 6, ching t6i mo ta két qua kiém tra
toan bo cac t6 hop duoc lap 1an theo quan diém
noi trén. Co thé thdy rang tit ca cac t hop co

thé c6 da roi vao trong vong tron gidi han.

14

Hinh 6. Cdc diém cham khi ldp lan cdc khdu biéu
dien trén day mat non sai so huong gioi han

15
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"‘{ Deflection Calculator Six-arm T A - rr
Am d1 {m) =
dlefi: | 0.000000-2| Value 363.000000 % &rght: | 0.000000 2| Split number: 1| Stepe: 0 [ Auto Fie l Load ’ H Save
Am al (m) )
aleft: | 0.00000012] Value 298000000~ nght: | 0.0000002] Spit number: 112 Stepz: 0 ] Ao Fe  Length Tmk: 0.050 %
Am a2 (m) Alpha max {rad): 0.0:39300 =
dleft: | 0.000000-% Value 32500000 =-| @right: | 0.000000 3 Split number: 1| Stepe: 0 [T Auto Fix Cale {Sx, Ax, Ay}
Am a3 {m) [T] Cale {Px, Py, P2}
dleft: | 0.000000% Value 60.500000 5| drght: | 0.000000 - Split number: 15| Stepe: 0 [ Auto Fie £y
203
Amm a6 (m) g SCF’ Calc Show
dleft: | 0.0000002 Value 200000000 2| &rght: | 0.000000/2-| Split number: 12| Stepe: 0 [ Auto Fix
Angle q1 {rad) o
2left: [ 0.0000001%] Value 0.000000[%| aright: | 0.000000[2] Splt number: 414 Stepe: 0 [ Auto Fix ‘{,75“"“' Vectors vs Apha max ‘

Angle q2 {rad)

dleft: | 0.015000 = Value -0.391500 = | &right:

Angle q3 {rad)

dleft: | 0.003600 -+ Value 0.771580 =~ & rght:

Angle g4 {rad)

dleft: | 0.000000+ Value 1.146200 |- | &right:

Arm g5 (mm) TRANS

dleft: | 0.150000/% Value 26.000000 % &rght:

Angle qb {rad)

dleft: | 0.0000002 Value -1.570800 (= right:

0.000000 == Split number:

0.006000 2= Split number:

0.005000 % Split number:

0.000000 2= Split number:

0.008800 2| Split number:

] ~
[C] Auto Fee  -8.7E-D5)
1[363,363] with e=0
1 [258.238] with £=0
1[32.5,32.5] with e=0
1 [60.5,60.5] with £=0
1[25.85,26] with £=0.0375
1 [200.200] with £=0
1 [0.0] with £=0
1 [-0.4065,-0.3915] with &=0.00375 I
1 [0.76738,0.77758] with =0.0024
1[1.1462,1.1512] with £=0.00125
1 [-1.5708,-1.562] with £=0.0022
“otal 500000 tems

41| Stepe: 0.00375

4} Stepe: 0.0024 [T Auto Fix

m

45 Stepe: 0.00125 [ Auto Fie

4[] Stepe: 0.0375 [C] Auto Fi

42 Stepe: 00022 [ Auto Fix d Ui >

Hinh 7. Giao dién va két quad kiém tra tai diém tinh todn

Theo két qua kiém tra trén hinh 7, c6 500000
kha ndng da dugc tht nghiém xung quanh
diém tinh toan, tit ca déu da dat yéu cau vé
dung sai.

Két qua thuc nghiém trén 03 san pham that
bao gdm két sit trong dé tai ma sd T 2016-31
[5] do truong DHKT Cong nghiép quéan ly,
két st trong luan vin Thac sy cua hoc vién
Nguyén Manh Tuén [6], va két sit ma tac gia
ché tao cho cong ty Nam Viét (hinh 1) ciing
cho thiy cac chi tiét duoc lip ngiu nhién
khéng qua lya chon sau khi khing dinh chung
dap tmg dung sai theo tinh toan, hé thong luén
van hanh 6n dinh khong bi hoc, ket. Didu nay
chimg to d6 tin cdy ctua phuong phap tinh toan
dung sai mdi ma chung t6i gioi thicu.

KET LUAN

Véi cac hé théng két ciu co khi c6 chuyén
dong khong gian viéc chuyén sang tinh dung
sai theo hudng s6 hoa 14 can thiét. Khi d6 cac
gi4 tri dung sai cua timg khau khong can chon
truée theo quan diém chu quan nhu phuong
phap truyén thong, tit ca cac gia tri nay hinh
thanh dong thoi va khong c6 khau khép kin
chudi nita. Do bai toan khong khao sat dugc
ddng thoi hai nhom bién 1a bién kich thudc

16

g6c va bién kich thudc dai nén di dugc chia
lam hai bai toan nho. Viéc hop nhét két qua
sau d6 bang cach kiém tra dap tmg lip 1dn
hoan toan trén phuong trinh dong hoc thuan
cho thiy cac chi tiét may di xac dinh duoc
gia tri dung sai cho phép cua tirng kich thudec.
Véi cach tiép can tong quan nhu ching toi
trinh bay ¢ trén, phuong phap thiét ké dung
sai ndy c6 thé ap dung dwoc cho nhidu kiéu
dan dong khac nhau tir robot cong nghiép, cac
cum may, cac co cAu khong gian nhiéu bac tu
do noi chung déu rat hiéu qua.

LOI CAM ON

Nhom tac gia xin tran trong cam on Pai hoc
Thai Nguyén da tai trg kinh phi cho bai bao
nay thong qua dé tai ma sé6 DH2017-TNO2-
01.DH, do Pai hoc Thai Nguyén dit hang.
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ABSTRACT
CALCULATING TOLERANCE OF THE ACTUATORING CHAIN
OF THE LATCH LOCK OF THE SAFE BY NUMERICAL METHOD

Pham Thanh Long’, Le Thi Thu Thuy
University of Technology - TNU

In the manufacture of machines, ensuring the precision of the mechanical structure is one of the
basic contents. At the design stage, the engineer needs to quantify the tolerance values of the
machine parts based on their kinematic linkage scheme. Size chains are one of the common
methods to do this, however spatial sequences with large numbers of strings are not easy to come
up with. This paper introduces a numerical method that helps to define the tolerances of spatial
structures more accurately and respects the natural dynamic response of the structure than the
traditional dimension chain method. We also illustrate the algorithm on a mechanical mechanism
is the key system locking the safe. Experimental results on the model and the simulation showed
the correctness of the algorithm in terms of fully assembled and assembled components. This
method can be applied on clusters of closed or open kinematic chain.
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