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Tém tit - Trong bai viét nay, tac gia nghién cau anh huong cua
yéu td ga dat dén két qua do luong bé mit, cac thuc nghiém dugc
thuc hién vé6i hai phuong phap ga dat khac nhau: Po véi trang
thai tu do va kep cang vai thiét bi kep. Khi tac dung luc s& anh
huéng dén cac két qua do ciia dung sai bé mit. Bé tir d6 co thé
danh gia dwoc mirc d6 anh hueng khi tac dung lec dén két qua do
bﬁng may CMM. Céc phép do dugc thyc hién tai bén vi tri khac
nhau dugc phan bd doc theo thé tich 1am viée va cac phép do duoc
lap lai muoi 14n v&i mdi cach g4, trong do tht ca chung dugc thuc
hién & nhiét d6 20°C + 2°C. Sai l1éch gitra hai phuong phéap ga dat
16n nhét: 0,0037inch, va sau khi cai thién bang phuong phap lam
thing thi giam xudng 0,0006 inch.

Tir khéa - CMM; ga dat; ky thut do; phuong phap do;
bé mat.

1. Pat vin dé

Hoat dong do luong co vai trd rit quan trong trong linh
vuc san xuit, dam bao chat luong cua san phém cling nhu
ning cao ning suat cia nha may, cung cip dit liéu danh gia
qua trinh san xut. Vi vay, viéc dam bao két qua do chinh
xé4c 12 mot yéu t6 vo cung quan trong. Cing véi sy phat
trién cua khoa hoc cong nghé va sy ra doi cua cac thiét bi
do hién dai nhu: May 3d, may quét lazer, may CMM [1],...
cac phép do ngay cang dam bao dd chinh xac cao. Tuy
nhién, trong qua trinh tién hanh phép do vén ton tai nhiing
yéu té anh huong dén két qua ciia phép do: Mai truong,
nhiét do, do gian nd vi nhiét, thiét bi do, con ngudi... [2].

Pé cho ra két quéa c6 d6 chinh xac cao can triét ti€u
nhiing yéu té anh huong trong khi thyc hién phép do. Ngay
nay phan 16n ngui ta sir dung xay dung phong lab cho qua
trinh do ludng nham dam bao cac yéu to: Mi truong, nhiét
d6, may moc thiét bi... Tuy nhién, mot yéu té cot 16i van
con ton tai anh huong dén két qua ctia phép do d6 chinh 1a
ga dat, n6 phu thudc vao phuong phap va cach thuc thuc
hién phép do [1-4].

Trong bai bdo nay, tac gia nghién ctru sy anh huéng
khi ga dat dén két qua cia phép do. Khi ga dit ¢ trang thai
tu do va khi ga dat véi thiét bi kep cung, dua vao Kkét qua
ctia nhitng 1an do chung ta s& rat ra dwoc két luan [5]. Tur
nhirng két qua cua thyc nghiém sé tao co so cho viéc danh
gia dugc su anh hudng cua ga dat dén két qua do luong
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2. Thuc nghiém
2.1. M4 hinh tién hanh thuwce nghiém

,Mé, hiph chi tiét bang nhém c6 hinh bac thang duoc
thiet ke dé lam md hinh thuc nghiém cho qghién cuiu nay,
chiéu dai md hinh 31.4961 inch. Chi tiét gom 5 bac thang,
mdi bac cach déu nhau va c6 do dai lan luot la: 6,2992;
12,5984; 19,1339; 25,1969 va 31,4961 inch. Bé day cac
bac 1an luot theo thi tu: 1,5748; 1,2598; 0,9449; 0,6299 va
0,3150 inch.

i =
[ o Hinh chiéu canh
Hinh chieu dtng ’
1.5748 [8]
N e
I 31,4961 | -
. Chi tiét
Hinh chieu bang

Hinh 1. Ban vé chi tiét
Sir dung phan mém Catia V5.18 [6] tao mo hinh 3D v¢i
cac kich thuéce dugc yéu cau trong ban veé chi tiét sau do
tao chuong trinh gia c6ng trén md hinh 3D va gia cong
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bang may CNC MAG 3 hiang Makino. Uu diém may CNC
5 tryc chay tu dong bang chuong trinh Iap trinh sin trong
mot 1an ga dat cho do chinh xac cao, ¢6 thé tiét kiém dugc
nguyén liéu ciing nhu nhan lyc va thoi gian van hanh.

Hinh 2. May CNC MAG3 hang Makino [7]

Khi d3 ¢6 duoc chi tiét budc tiép theo s& tién hanh kiém
tra thyc nghiém. St dung phan mém Camio 8.5 [8] tao
chuong trinh do ty dong trén may CMM. Léap trinh chuong
trinh CMM do cac kich thuéc gom: Sai léch 4 bé mat ap
dung dung sai 0,03 inch va d6 phang mat chuan A nhu
trén Hinh 3 [4].

b mat s5 1 R——
[£7]0.0200A] .
| s7as Hinh chieu dirng
= 31.4961 —————————|

Hinh chiéu bang
Hinh 3. Bdn vé do CMM chi tiét
2.2. May CMM
May CMM duoc st dung trong nghién ctu la may
CMM ALTERA S-Tyle 15.10.8 cua Nikon [3], mét trong
nhing chiéc 'mdy dugc tich hop tat ca cac tinh nang bao
gdm cam bién tlep xuc (da cam bién) va khong tiép xuc,
v6i cong nghé gbm vuot troi va ban da ceramic, cung cip
cac phép do co do chinh xac cao.

Hinh 4. Mdy CMM ALTERA S-Tyle 15.10.8 [3]

Thong sb co ban may CMM ALTERA S-Tyle 15.10.8:

+ Kich thuac: 15x10x8 Dm;

+ D6 chinh xac:  tir 1,8 um + L/400;
+ Do lap lai: ter 1,7 pm;

+ Tbe do: tr 762 mm/s;

+ Gia téc: tir 2306 mm/s2.

2.3. Tién hanh do thuc nghiém

Tién hanh ding mdy CMM do chi tiét hinh bac thang bang
chuong trinh do da 1ap trinh san bang 2 phuong phap: Chi tict
ga do tu do (Hinh 5) va chi tiét dugc kep chat (Hinh 6).
2.3.1. Po ¢ trang thdi tw do

Khi do & trang thai ty do, ch[ tiét duoc dat ty do, khdng
tac dung bat ki lyc gi 1én chi tiét, dat chi tiét trén 3 thanh
dd muc dich thong khoang, khéng co chuéng ngal vat dé
may CMM d& dang cham céc vi tri can do, mdi tru cach
nhau khoang 10-12 inch, mat chuan C cach tru dau tién
khoang 2-5 inch.

Hinh 5. Do ¢ trang thdi ty do
2.3.2. Do ¢ trang thai kep chat.

Khi kep chat, ding 3 dd g4 c6 mot mét phang song song
VGi mat ban va mot mat song song véi truc tung cua may, sip
xép 3 do ga thang hang nhau, ding may CMM kiém tra do
phéang ctia 3 mit 3 do ga song song v6i mat ban CMM, sao
cho d6 song song nho hon 0,0003 inch. Cham 6 diém cua 3
d6 ga mit song song truc hoanh may CMM, sdp xép sao cho
d6 1éch 16n nhat cia 6 diém nho hon 0,0003 inch. Pit chi tiét
sa0 cho mat chuan A tiép xuc véi mat song song truc tung cia
dd g4, mat con lai tlep X0c v6i mat song song mét ban cua dd
g4, cac dd ga ciing sap xép nhau cac déu khoang cach giéng
nhu luc do tir do. Dung ma kep con lai kep siét chat sao cho
mat chuan A tiép xuc hoan toan véi mit cia db ga.

Hinh 6. Do ¢ trang thdi kep chat

Két qua thuc nghiém thu dugc gdm: Gia tri do do phang
ctia mat chuan A va chénh léch toa d6 X, Y, Z giita thyc té va
Iy thuyét cua timg diém cham trén timg bé mat. Mdi bé mat
duoc cham 3 diém trai déu, trung binh cac diém cham trén
mdi bé mit chinh la khoang cach cua ting bac dén mit chuan
C. Mt chuin A dugc cham 21 diém trai doc theo chiéu dai
cua chi tiét, mdi diém cach nhau khoang 15-16 inch.
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Sau khi thyc hién xong cac bude do ctia 2 phuong phap,
chi tiét dugc dwa di cai thién bang phuong phap 1am thang
bang may ép thay lec Hydraulic Press 200-ton cia Wuxi
Kelai NC Machine Tool Co [13]. Cir lam thang la thanh
thép Carbon da duoc hiéu chuin véi gia tri hiéu chuan do
phang bé mat 1a 0,0001 inch. Chi tiét s& duoc may ép thiy
luc 1am thing theo mat chuan A (Hinh 7).

fry a

Hinh 7. Huéng tdac dung luc cua mdy nén thuy luc

3. Két qua do va thao luin giai phap cai thi¢n
3.1. Két qua do
Bang 1 thé hién gi4 tri do duoc ciia bé mat s 1 do chi tiét
qua 2 phuong phap ga dat, va thuc hién 10 lan do. Két qua
nhan dwoc cia mdi bé mit 1a toa do cua timg diém cham theo
3 truc X, Y va Z. Nhung cic bé mat duoc cham c6 phuong
song song véi mat chuan C va vudng goc vai 2 mit chuan con
lai, vi vy gié tri toa d6 nhan duoc chi co truc X bién thién,
con truc Y va Z la nhu nhau trong 10 1an do cta ca 2 phuong
phap. Do d6, dé so sanh d¢ léch khi do chi tiét giita 2 phuong
phap tac gia so sanh gia tri bién thién cua truc X. [16, 17]
Bang 1. Két qua do ciia bé mat s6 1

S6 Kep chat Po ty do

lan .

do Piéml
6,2996
6,2995
6,2995
6,2995
6,2996
6,2996
6,2997
6,2995
6,2996
6,2996

biém 3
6,2988
6,2988
6,2988
6,2989
6,2988
6,2989
6,2989
6,2988
6,2989
6,2988

biém 2
6,2984
6,2985
6,2984
6,2985
6,2985
6,2984
6,2984
6,2985

biém 1
6,2981
6,2982
6,2982
6,2981
6,2983
6,2981
6,2982
6,2982

biém 3
6,2995
6,2994
6,2995
6,2996
6,2995
6,2996
6,2995
6,2996

Diém 2
6,2994
6,2993
6,2995
6,2995
6,2994
6,2994
6,2994
6,2994
6,2993 16,2995 16,2981 6,2984
6,2995 6,2995 6,2981 6,2984
Bdng 2. Két qua do ciia bé mat sé 2
Kep chit Po tu do
Diém 2 Diém 2
12,5991 12,5973
12,5992 12,5972
12,5994 12,5973
12,5992 12,5972
12,5993 12,5974
12,5992 12,5974
12,5993 12,5972
12,5993 12,5974
12,5992 12,5972
12,5993 12,5973
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biém 3
12,5972
12,5974
12,5972
12,5973
12,5973
12,5974
12,5974
12,5974
12,5972
12,5973

biém 1
12,5972
12,5973
12,5974
12,5974
12,5972
12,5973
12,5973
12,5974
12,5972
12,5972

biém 3
12,5991
12,5992
12,5994
12,5992
12,5993
12,5992
12,5993
12,5993
12,5992
12,5993

biém 1
12,5991
12,5992
12,5994
12,5992
12,5993
12,5992
12,5993
12,5993
12,5992
12,5993
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Bdng 3. Két qua do ciia bé mat sé 3

S6 Kep chat
lan

Do tu do

Piém 3
19,1323
19,1321
19,1321
19,1321
19,1323
19,1321
19,1321
19,1322
19,1321
19,1322

Piém1l Piém2 Piém3 Piém1l Diém?2

19,1355
19,1355
19,1357
19,1356
19,1356
19,1357
19,1356
19,1357
19,1356
19,1357

19,1352
19,1351
19,1352
19,1351
19,1351
19,1352
19,1351
19,1352

19,1352
19,1351
19,1351
19,1351
19,1352
19,1351
19,1351
19,1351
19,1351 19,1351 19,1322 19,1321
19,1352 19,1352 19,1322 19,1321

Bdng 4. Két qua do ciia bé mat sé 4

19,1321
19,1322
19,1323
19,1323
19,1321
19,1322
19,1323
19,1323

19,1321
19,1322
19,1321
19,1322
19,1321
19,1323
19,1321
19,1322
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Piém 3
25,1964
25,1963
25,1962
25,1963
25,1964
25,1962
25,1962
25,1964

Piém1l DPiém2 DPiém3 Piém1l Diém?2

25,1999
25,1999
25,2001
25,2000
25,2000
25,2001
25,2000
25,2001
25,2000 25,2000 25,2001 25,1963 25,1963 25,1963
25,2000 25,1999 25,2000 25,1964 25,1962 25,1962

Bdng 5. Gid tri trung binh va chénh léch giiza 2 phuong phdp do

25,2001
25,1999
25,2001
25,2001
25,1999
25,2001
25,1999
25,1999

25,2000
25,2000
25,2000
25,2001
25,2001
25,2001
25,2000
25,2001

25,1962
25,1963
25,1963
25,1963
25,1962
25,1964
25,1962
25,1962

25,1963
25,1962
25,1964
25,1963
25,1962
25,1963
25,1962
25,1964
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Bé,mat
SO 4
25,2000

Bé,mat
sO 3
19,1353

B& mat
SO 2
12,5993

Bemm
sol
6,2995

Phuong
phép
Ket chat
Do tu do 6,2985 12,5973 19,1322 25,1963
Chénh léch  0,0010 0,0020 0,0031 0,0037
Bang 2, 3, 4 thé hién gia tri do duoc caa bé mat s6 2 khi
str dung 2 phuong phap, va thuc hi¢n 10 lan do.
_ Bang 5 thé hién gia trj trung binh timg bé mét khi do
bang 2 phuong phap.

Bé mat sb 1

0.0040
0.0035
0.0030
0.0025
0.0020
0.0015
0.0010
0.0005

0.0000
Bémits62 Bémitsd3 Bémitsd4

Hinh 8. Biéu d6 chénh léch giita 2 phurong phap do
Hinh 8 thé hién d6 chéch léch giita 2 phwong phép do.
Tir bang so sanh két qua va biéu do co thé thiy. khi dugc
kep chat, chi tiét dugc nin théng va do d6 cac bé mat dugc
do c6 xu hudéng dich chuyén ra xa mét chuan C hon khi do
& trang thai ty do, dién hinh dai hon 0,0037 inch & bé mit
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s6 4 xa mit chun C nhét va dai hon 0,0010 inch & bé mit
s0 1 gan mit chuan C nhat. Khi khoang cach cang xa mat
chuan C, sai léch cang nhiéu vay nén nhan thay chénh léch
gitta 2 phuong phap do cang lon khi do cac bé mit cang xa
mit chuén.
3.2. Gidi phdp cdi thi¢n

Sy chénh léch anh huong cha yéu tir do bién dang cua
chi tiét sau khi gia cong, dé biét dugc chi tiét bi anh huong
nhu thé nao, tac gia do do phang cua mat chuan A tuong
&g voi huéng tac dung luc (Bang 6) va xu huéng bién
dang cua chi tiét bing cach xuat toa do diém toa khi cham
diém mit chuan A (Bang 7) so Véi tru toa ¢ phuong Y.
Cac diém cham nay s& c6 do léch véi nhau, xay dyng biéu
d6 do léch dé thay xu hudng bién dang.

Bdng 6. Két qua do dp phang ciia mat chudn A

S6 14n do Kep chat Do tu do
1 0,0011 0,0082
2 0,0012 0,0083
3 0,0011 0,0083
4 0,0010 0,0082
5 0,0012 0,0083
6 0,0011 0,0083
7 0,0010 0,0083
8 0,0012 0,0082
9 0,0011 0,0083
10 0,0011 0,0083
Trung binh 0,0011 0,0083

Bdng 7. Chénh Iéch gid tri cdc diém cham so véi
mat chuan A khi dwoc do tw do

TEN TOA PO PIEM CHAM PO LECH
X z Y
PT_01 0,7871 -0,8000 0,0000
PT 02 1,5827 -0,8000 0,0011
PT 03 3,1575 -0,8000 0,0021
PT_04 4,7323 -0,8000 0,0030
PT 05 6,3071 -0,8000 0,0041
PT_06 7,8819 -0,8000 0,0049
PT_07 9,4567 -0,8000 0,0060
PT 08 11,0315 -0,8000 0,0066
PT_09 12,6063 -0,8000 0,0076
PT 10 14,1811 -0,8000 0,0083
PT 11 15,7559 -0,8000 0,0082
PT 12 17,3307 -0,8000 0,0075
PT 13 18,9055 -0,8000 0,0071
PT 14 20,4803 -0,8000 0,0064
PT 15 22,0551 -0,8000 0,0057
PT 16 23,6299 -0,8000 0,0044
PT 17 25,2047 -0,8000 0,0039
PT 18 26,7795 -0,8000 0,0028
PT_19 28,3543 -0,8000 0,0021
PT_20 29,9291 -0,8000 0,0012
PT 21 31,4882 -0,8000 0,0006

0.0090
0.0080
0.0070
0.0060
0.0050
0.0040
0.0030
0.0020
0.0010
0.0000

duwoc do ¢ trang thdi tw do
Déﬂkhéc phuc diéu do, chi tiét duoc dua sang cong doan
lam thang dé ¢p lai chi tict voi cur lam thang co sai s6 sau
khi hiéu chuan 0,0001 inch. Lyc uén dung cho may nén
khoang 240 (kN) dugc tinh dua trén cong thic (1) [14, 15]:

2
P = xtxon 1)

Trong d6:
P: Luc can thiét trong uén V (kN);
L: Chiéu dai uén (m);
C: Hé sb bu;
t:  Chiéu day vat liéu (mm);
V: Chiéu rong V ciia khudn uén (mm);
on: Gidi han bén vat liéu (N/mm2): 505 MPa [8].

Tai cong doan lam thang, sir dung may ép thay luc dé
lam thang chi tiét. Sau khi lam thang, tién hanh do chi tiét
theo phuong phap dé tu do 10 1an do va tong hop két qua.

Bdng 8. Gid trj trung binh do dwoc khi da lam thing

Phuone phap  BEMal  Bemat  Bemat  BEmat
gphap 59 s62 63 s 4

Kep chit 62995 12,5993 19,1353 252000

Sau khi lam ¢ o900 125090 101350 25,1994

thang

Chénh léch 0,0003 00003 0,003  0,0006

Bang 8 thé hién gia tri trung binh 4 bé mit do cua chi
tiét khi duoc kep chat va sau khi dwoc lam thiang. Tur d6 ta
c6 thé dung biéu db 2, gia tri chénh léch ciia 2 phuong phap
sau khi lam thang la rat nho.

0.0007
0.0006
0.0005
0.0004
0.0003
0.0002
0.0001
0.0000

Bémitsd1 Bémats62 Bémitsd3 Bémiatsd4

Hinh 10. Biéu dé chénh léch ciia 2 phwong phdp sau lam thang

Dua vio bang tong ké:t két qua 10 lan do véi hai
phuong phap khac nhau bang thuc nghiém cho thay, su
sai khac cua cac bé mat chinh la sy sai khac dién ra doi
Véi toa d6 truc X. Bé lam rd van dé nay, tac gia tién hanh
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so sach két qua do d¢ phang cua mat chuan A dya trén 2
phuong phap do lac chua udn va sau lam thing, két qua
thu dugc nhu Bang 9.
Bdng 9. Két qua do dp phdng cia chi tiét
sau 4 cdch do khdc nhau

Chi tiét chua lam thdng  Chi tiét sau lam thing

36 lan do

Kep chit  Po tudo Kepchit Do tudo

1 00011 00082 00010  0,0013

2 00012 00083 00010  0,0015

3 00011 00083 00011  0,0014

4 00010 00082 00012  0,0015

5 00012 00083 00011  0,0015

6 00011 00083 00010  0,0014

7 00010 00083 00010  0,0014

8 00012 00082 00011  0,0014

9 00011 00083 00011  0,0015
10 00011 00083 00010  0,0014
Tgmg 0,0011 0,0083 0,0011 0,0014

4. Két ludn

Trong nghién ctu anh hudng caa su ga dat dén két qua
do dugc, déu sir dung cang mot may do, thuc hién 10 lan
mdi phuwong phap véi 2 chi tiét bang nhém gia cong theo
hinh dang bac thang thing. Sau khi do, liy gia tri trung binh
cua cac phép do va dua di tinh toan ta thiy, két qua co su
khac biét giita hai phuong phap ga dat. Tai vi tri bé mat sb
1 sai khac gitra hai phuwong phap 1a: 0,0010 inch, twong tu
1dn cho bé mit s6 2, 3, 4 lan luot 1a: 0,0020; 0,0031 va cao
nhét 12 0,0037 inch [Bang 5].

Str dung két qua do d6 bang phiang cua mat chuan A, ta
thiy khi do ty do luc chwa udn chi tiét bi bién dang I6n hon
nhiéu so v&i khi kep chat, sai s giita 2 két qua do 14 0,0073
inch. Nhung sau khi da lam thang chi tiét, sai sb giira 2
phuong phap do chi 0,0003 inch. Nhu vay khi kep chat, chi
tiét da duoc ép thing theo phwong Y, khi do két qua s&
chénh léch nhiéu so véi lac do ty do, chimg t6 chi tiét sau
gia cong cong hon so 1y thuyét.

Qua trén chung t6 ring, yéu t6 ga dat anh huéng dén
két qua cuiia phép do, nhét 1a chidu dai chi tiét, dé dua ra
mot két qua do chinh xac chung ta can tinh dén yéu té nay
khi thiét ké va ap dung phuong phap do chinh xac khi tién
hanh do dat kiém tra. Ngoai ra, bai bao nay, con co thé lam
tién dé dé nghién ctu s liu ap dung luc trong phuong

phap g4 dit khi do bang may CMM va udn chi tiét bang
may nén thay luc, xay dung so liéu tac dung luc cho san
Xuat sau nay.
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