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THONG SO CONG NGHE DEN DO KHONG TRON CUA BE MAT
CHI TIET KHI MAI VO TAM CHAY DAO HUONG KINH
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Tém tat: Bai bao trinh bay nghién ctru mé phdng qua trinh mai vé tdm chay dao huéng kinh dé duw doan
qui luét dnh huéng clia mét sé théng s6 céng nghé dén do khéng tron (A) cta bé maét chi tiét. Cac théng sé
céng nghé duoc str dung trong nghién ctru nay la vén téc da dan (vdd), luong chay dao huéng kinh (S,) va
géc cao tam cua chi tiét (B). Két qué cho thay qui luét dnh hudng cta céc théng sb dé dén A ctia bé mat chi
tiét khi mé phéng phu hop véi khi thi nghiém. Tir qui luat d6 cho phép xéc dinh duoc khodng gia tri cia cac
théng s6 nay (v,, S, B) dém béo bé mat chi tiét gia céng c6 A nhd. Dong thdi trong bai bao néy cdng trinh
bay huwéng phat trién cho cac nghién ctru tiép theo.

Tor khéa: Mai vé tdm chay dao huéng kinh; dé khéng tron; vén téc da dan; luong chay dao huéng kinh; géc
cao tam cua chi tiét; mé phdng.

Influence - rule of technical parameters on roundness error of workpiece in plunge centerless grind-
ing by simulation

Abstract: This paper presents the research on the influence rule of technical parameters on roundness error
of workpiece (A) in plunge centerless grinding by simulation. Technical parameters which are considered
in this paper are control wheel velocity (v,,), plunge feed rate (S,) and center height angle of workpiece (B).
Results of experiments and simulations prove that the theoretical predictions are in agreement with the ex-
perimental results, and the expected results are very close to those of the experiments. The application of
the simulation program allows estimating and assuring the approximate values of some parameters (v, S,,
B) when processing a workpiece with small A and are relatively stable in specific conditions. Finally, sugges-
tions for further research are given.

Keywords: Plunge centerless grinding; roundness error; control wheel velocity; plunge feed rate; center
height angle of workpiece; simulation.
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@ 1. D3t vén dé

Trong gia céng co khi, mai vé tdm la mét phwong phap cho nang suét cao hon nhiéu 1an so véi mai
c6 tdm nhd thoi gian ga dat va thao d& chi tiét it; dd cling virng clia may mai vo tdm cao hon so véi may
mai c6 tam. Day la mot phwong phap gia cong dwoc st dung rong rai dé ché tao cac chi tiét tron xoay, dac
biét 1& trong nganh c6ng nghiép 6 t6, vong bi, mdt sb chi tiét clia dong co,... [1-3]. Cling nhw cac phwong
phap gia cong tinh khac, trong phwong phap mai vo tam, A cia bé mat chi tiét [& mot trong nhirng théng sb
k¥ thuat quan trong quyét dinh chét lwong vat mai. Tuy nhién, khi mai vé tdm chay dao hwéng kinh, dé xac
dinh va didu chinh gia tri cac théng sé clia qua trinh gia cong dam bao gia cong dwoc chi tiét cé A nhd 1a mot
c6ng viéc phirc tap va tén nhiéu thoi gian ngay ca ddi vai tho co tay nghé cao [4,5]. V&i mong mudn xac dinh
dwoc khoang gia tri clia cac thong sb cong nghé dam bao khi gia cong bé mat chi tiét cé A nhé trong tirng
diéu kién cu thé, da c6 mot sb nghién ctru ap dung phwong phap phan tich déng hoc vat mai ctia Rowe va
Barash [6] d& mé phéng dw doan qui luat anh hwéng ctia mét sé thong sb clia qua trinh gia cong dén A: anh
hwéng cta S, va sai sb trén bé mat da dan [7]; anh hudng cda B [8]; anh hwdng ciia B va van téc chi tiét (v,)
[9,10]; &nh hudng cua van tbc da mai (v, ) va S, [11]; anh hudng cla sai sb trén bé mat da dan [12]; anh
hwéng cta B va v, [13]... Tuy nhién, nhirng nghién ctru ké trén mai chi xét dén khia canh dong hoc clia vat
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mai, lam cho qui luat &nh hwéng clia cac thong sd cong nghé dén A khi mé phéng thwdng chwa sat so véi
khi thi nghiém. Trong bai bao nay, tién hanh nghién ctru mé phéng dw doan qui luat anh hwéng ctia mot sé
thong sb cong nghé dén A dwa trén viéc phan tich déng lwc hoc vat mai. Két qua cho thay qui luat anh hwéng
clia cac thong sb v, S,, B dén A khi mé phong phu hop véi khi thie nghiém. T qui luat d6 cho phép xac
dinh dwoc khoang gia tri ciia cac thong sb v, S,, B dam bao bé mat chi tiét gia cong ¢ A nho. Bong thoi
hwéng phat trién cho cac nghién ctu tiép theo ciing dwoc d& cap dén trong bai bao nay.

@ 2. Xay dwng thuat toan

Thuat toan dwoc xay dung trén co sé ké thiva va bd sung nghién ctvu cia Krajnik va cong sw [14].

Thanh ty

Hinh 1. So dé phan tich dong luc hoc chi tiét gia cong [14]

Krajnik va cong sw [14] tién hanh phan tich déng lwc hoc vat mai véi so dd phan tich nhw trén Hinh
1, tlr d6 ho dwa ra cac phwong trinh (1) dén (13). Trén co s& nhirtng phwong trinh dé ho da xay dwng thuat
toan dé dy doan dwoc cac théng sé dau ra clia qua trinh mai, bao gém: mirc d6 6n dinh hinh hoc (G,);
lwong dich tam chi tiét (x,, y,); d0 I6n clia vau 10i trén bé mat chi tiét (Ar,) va hinh dang bé mét chi tiét (r,, ;).

m, i, (t)=F" + F)' cosa, — F"sina, + F; cos B; + F,* sin f3; (1)

m, 3, ()= F" - F'sina, - F" cosa, — F; sin B, + F," cos f; (2)
m ) . OAr,

E™ =k, (x,,()—x.,()+Ar,(t,0) +c,, (xud )—x,() +7’(t,0)j (3)

F™ = g )

. . . . oA
F!" =k, (-x,,(t)cos a, +y,(O)sina, +Ar,(t,a,)) +¢, (—x(_,,(t) cosa, + y,(f)sina, +?r”(t,ag)J (5)

Fttt = /utt'Fn” ©
. . ) ) OAr,

F* =k, (~x,,(t)cos B, + y,,(t)sin B + Ar.,(t, B;)) +Cyy (—xct(t)cos Bo + v (Osin B + o 1 (t,ﬂc)j (7)

F;dd = :uttF;ztt - /Ude;zdm o

trong d6: m_1a khéi lwgng cta chi tiét; x (1), y (1) 1a lwgng dich chuyén cta tam chi tiét theo thoi gian t theo
phwong x phwong y; E™, F", F* |a cac thanh phan lyc phap tuyén trén bé mat da mai, bé mat thanh ty
va bé& mat da dan tai diém tiép xUc voi bé mét chi tiét; £, E", F* 1a cac thanh phan Iyc tiép tuyén trén bé
mat da mai, bé mat thanh ty va bé mat da dan tai diém tiép xtic voi bé mat chi tiét; , 1a goc hop bdi phap
tuyén chung clia b& m&t da mai - b& mat chi tiét va phap tuyén chung clia bé mat thanh ty - b& mat chi tiét;
B 1& goc hop bdi phap tuyén chung ctia bé mat da mai - bé mat chi tiét va phap tuyén chung cia bé mat
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da dan - bé mat chi tiét; K, , K, K, la d6 cirng dan hoi ciia bé mat da mai, bé mat da dén va bé mét thanh
ty; ¢, C,p C, @ h& sb gidm chén clia bé mat da mai, bé mat da dan va bé mat thanh ty; u,, , u,, p, 14 hé sd
ma sat tai diém tiép xuc gitra b& mat chi tiét - b& mat da mai, b& mét chi tiét - b& mat da dan va bé mat chi
tiét - b& mét thanh ty.

Trong d9, theo Krajnik va céng s [14]: cac hé sb Ky Koo Kip Comr Coer Cor Mymr My M, 18 NRNG W& s
thwerng gép nhidu khé khan khi xac dinh gia tri ctia ching. Tuy nhién nhitng hé s6 d6 anh hwéng khong
nhiéu dén cac théng sb dau ra cla chuong trinh mé phéng; x,(t) 1a lwong dich chuyén clia u da theo
phwong phap tuyén véi bé mét chi tiét tai diém tiép xdc véi da mai sau khodng thoi gian t. Bién dang chi tiét
gia cong duoc thé hién nhu sau:

* B * . 2
Ty = \/(rct(ﬁ) €080+ X,5))" + (149SINO = V) 9)

trong do: r,,, biéu dién bién dang b& mét chi tiét tai thoi diém ban dau (17, = 7.,0) )i Xy ey 18 Ibong dich
chuyén tam chi tiét theo phwong x va phuong y (Hinh 1) va dwoc xac dinh theo:

2
zJ' 3 0)-c08(0)d0
Xy = (10)
3 _[ rj(e)d 0

0
2z

zj 3 5)5in(0)d0
iy =g (1)
3 j 2 0)d0
0

Do 1on ctia vAu 16i hinh thanh trén bé mat chi tiét (Ar, ) 1a khoang cach tir dinh cta vau 16i dén kich
thwde danh nghia, dwoc xac dinh theo céng thirc sau:

28 e ’
Arcmz {ﬁzlrct(ag)sm(neg)] +[ﬁzlr”(9§)cos(na‘?)} (12)
c= 5=

. _ (o . _2r
trong d6: 0. = gAB; (g =0,1,...,m); AQ = /n

V6&i m 1a sb phan chia trén chu vi dwéng kinh chi tiét (gia tri cia m dwoc chon phu thudc vao ngudi
viét chwong trinh md phdng). S6 vau 1i hinh thanh trén bé mat chi tiét dwoc xac dinh thong qua mirc do
6n dinh hinh hoc G,. Ung voi n=i ma G,c6 gia tri nhd nhat thi bé mat chi tiét sé c6 dang i vau 16i. G, la mot
dai lwgng khong thir nguyén, dwoc xac dinh théng qua cac théng sb hinh hoc ctia hé thédng cong nghé theo
cbng thrc sau:
sin(a, ).cos(n.f3;) —sin(fB;) cos(n.a,)

sin(f; —a,)

Trong nghién ctru nay, cac phwong trinh (1) dén (13) cla Krajnik va cong sw [14] dwoc st dung dé
xay dwng thuat toan mé phéng qua trinh mai vé tdm chay dao hwéng kinh véi so @b khéi nhw trong Hinh 2.
V6i thuat toan nay, ngoai viéc dy doan duwoc cac thong s G, X, Yo Ar, VAT, nhu trong nghién ctru cla
Krajnik va céng sw thi con dw doan dwoc A clia bé mat chi tiét.

@ 3. Két qua va thao luan

Chuwong trinh mé phéng duwgc viét bang ngén ngi Visual Basic trong Excel véi thuat toan trén Hinh
2 dé dy doan cac théng sé G, x,, v, Ar,, Iy VA A. Tuy nhién, trong nghién cru nay chi trinh bay qui luat
anh hwéng cla cac thong sé v, S, B dén A, sau d6 so sanh voi két qua thi nghiém. Gia tri cac thong sé

dau vao cla chwong trinh mé phdng dworc trinh bay trong Bang 1.

G, =1+ (13)

Viéc xac dinh, Iwa chon gia tri clia cac théng sb trong Bang 1 dwa theo co s& sau:

- Vi theo Krajnik va cong siw [14] thi cac hé s6 K, , K., K, C,, C.p Cp My Hyp M, 1@ nhitng hé sb
thwerng gap nhiéu khé khan khi xac dinh gia tri cia ching. Tuy nhién nhitng hé sé d6 anh hwéng khong
nhiéu dén cac théng sé dau ra clia chwong trinh mé phéng. Do d6 cac hé sé nay dwoc chon theo cac tai liéu

da cong b6 nhu sau: cac théng sé K, ¢, duoc chon theo Krajnik va cong sw [14].

TAP 11504

572017 TAP CHI KHOA HOC CONG NGHE XAYDUNG




KET QUA NGHIEN CUU VA UNG DUNG 12

Baéng 1. Gia tri céc théng sb déu vao cta chuong trinh mé phéng

Théng sb Gia tri Tai liéu Théng sé Gia tri Tai liéu
K, (N/m) 2,5.108 r,, (mm) 250
K, (N/m) 10° r.,, (mm) 136,5
K, (N/m) 3,33.108 (4] r, (mm) 15
¢, (Ns/m) 0 iika) 0,63 Theo diéu kién
c,,, (Ns/m) 1716 a, (mm) 0,05 gia cdng cu thé
¢, (Ns/m) 0 7 ) 30 [15,16]
My 1 v, (m/min) 10,3 = 53,2
My 0,3 [3,5,14] S, (um/s) 1+21
My 0,15 Q) 2,4 +14,4
- Cac hé sb p, duoc chon theo
I&1 khuyén khi gia céng tinh trong cac
tai liéu [3,5,14]; Cég thong sb con lai Dau Vak::c?."fl..r?;fgff gz h, me,
duwoc chon theo diéu kién gia cong T

cu thé trong cac nghién ctu thyc m oo

nghiém da cong bé [15,16]. Day ciing r(0) = roy)
chinh 1a nhitng két qua thyc nghiém I
duwoc dung dé so sanh véi két qua méd | Chuong trinh con | | Churang nh con |
phéng dwoc trinh bay trong bai bao tinh ‘ Ya tinh=> rEl©)
nay, dwoc thé hién trong cac Hinh 3, P T Sing
4vah. Sg*nx:gz(giﬂ)) @
Quan sat cac hinh (3); (4) va j=irt o’
(5) cho thay: MUrc d6 n dinh hinh hoc: n, og, By => Gn

Phan tich chudi Fourier: n, rg(0) => Argy,
Do khong tron: rg(0) => A

- Qui ludt anh huwéng cia v,
S,. B dén A khi mé phdng pht hop voi
khi thi nghiém.

- Ung véi khoadng gia tri
clia cac thoéng sé: g ~ 6+10°, S, ~

BAu ra: xu(t), Yer(t),
Toty,’ A, Gn, Argn

3+20(um/s) va v,, ~ 15+40(m/min) thi Hinh 2. Thuét toan mé phdng qua trinh mai vé tdm chay
A c6 gia tri nhé va twong dbi 6n dinh. dao huwéng kinh
4 1 14 + VP A& ATN
35 e T “ 12 ——Poly. (AMP). ——Poly. (ATN)
2: ——Faly (AT —Poly. (8MP) * ‘0 ‘ ii
g_ Pl i | T
1 15 \ 3 / | 61
1IN \“__‘—T’ % | 4
05 er } 21
om 1‘5 2‘0 2|5 3'0 3'5 ab 4‘5 s'n 55 s 4 é 1‘1 1‘5 2‘1 2
Vi 6 04 din Yar (m/min) Lwgng chay dao hwéng kinh Sk{umis)
Hinh 3. Anh huéng cia v,, dén A khi thi nghiém [15] Hinh 4. Anh huéng cda S, dén A khi thi nghiém [16]
va khi mé phéng va khi mé phéng
@ 4, Két Iuén 1? 1 A ) L8 am)
- Pa nghién cru bbd sung va hoan thién . &1
phwong phap mé phéng cla Krajnik va cong sw dé <5' y
xay dwng thuat toan va chwong trinh mé phong dy :i
doan qui luat anh hwéng clia cac thong sb Vi S B O

dén A clia bé mat chi tiét. 2 4 6 8 10 12 14 16
, Goc cao tam B
- Qui luat anh huéng caa v,, S, g den Akhi

mbd phéng phtl hop véi khi thuc nghiém. Tir quiluat  Hinh 5. Anh huéng cagﬁ dén A khi thi nghiém [15]
va khi mé phong
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d6 cho phép xac dinh dwoc khodng gia tri clia cac théng sé v
c6 A nhé.

4w Sp B dam bao khi gia cong bé mat chi tiét

- D& két qua mo phdng cang sat hon niva so v&i két qua thi nghiém (v& tri s ctia A), can nghién ctru

dwa thém vao chwong trinh méd phéng nhirng thdng sé c6 anh hwéng dang ké& dén A nhw: d6 chinh xac ban
d4u clia phdi, ché do stra da mai, ché do stra da dan, cdng nghé tron ngudi, ...
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