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TOM TAT

Tinh toan lyc kep chi tlet khi gia cong la cong viéc thuong xuyén gap phal khi lap quy trinh
cong nghé gia cong cac chi tzet mdy. Gid tri lyc kep dung lam co s¢ dé thiét ké cac co cdu kep chat.
Pé tinh todn lyc kep can viét cac phwong trinh can bang liwc va cin bang mé men, tir d6 tinh toan
xac dinh gia tri luc kep lon nhat. Bdi bdo nay trinh bay viéc tw dong hoa tinh toan luc kep chi tiét
khi gia cong bang céach xdy dung mét chirong trinh tinh todn tw dong dwa theo ngén ngir ldp trinh
Delphi.

Tir khéa: Luc kep; Chi tiét; Gia céng; Ngén ngir ldp trinh Delphi.
ABSTRACT

Calculating the clamping force of a part during machining is a frequent task that must be
done when establish technological processes for machining of machine parts. The clamping force
value is used as the basis for designing clamping mechanisms. To calculate the clamping force, it
is necessary to write the equations of force balance and moment balance, from which the maximum
clamping force value is calculated. This article presents the automation of calculating the clamping
force of a part during machining by building an automatic calculation program based on the Delphi
programming language.

Keywords: Clamping force; Part; Machining; Delphi programming language.

1. PAT VAN DE d6 thiét ké cac co ciu kep chit twong tmg cho
pht hop véi yéu cau.

Viéc tinh luc kep chi tiét khi gia cong

la cong viéc thuong xuyén gip phai khi thiét
ké cac quy trinh cong nghé gia cong chi tiét
may bang phuong phap cét got. Tuy theo timg
truong hop cu thé, trén co sé xét diéu kién can
béng cua chi tiét gia cong, s€ xac dinh dugc
phuong chiéu, tri s6 va diém dat cua luc kep, tur

Hién nay, tri s6 luc kep chi tiét khi gia
cong van duoc tinh toan thi cong, gy mat thoi
gian, cong suc, tdc do tinh toan cham, ma doi
khi con dan dén sai sot, nham 1an. Bai bao nay
trinh bay phuong phap tu dong hoa tinh toan

luc kep chi tiét khi gia cong bang cach xay &
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dung mdt chuong trinh tinh toan ty dong, dua
theo ngdn ngir Lap trinh Delphi, thay thé cho
phuong phép tinh toan thii cong truyén thong.

Do c6 rat nhiéu phuong phap gia cong
cét got va cac so do ga dit ciing rat da dang nén
bai bdo nay chi gidi han ¢ viéc tinh toan luc kep
chi tiét khi gia cong bang cac phuong phap phd
bién nhét 1a: tién, khoan va phay véi mot s6 so
dd ga dat dién hinh.

2. CO SO LY THUYET TiNH TOAN LU'C
KEP CHI TIET KHI GIA CONG

2.1. Tinh toan lwc kep khi tién

Trén hinh 1 trinh bay so do cac luc cit
thanh phan P, P va P khi tién chi tiét kep trén
mam cap (co the la 2 chau 3 chéu hodc 4 chau), P
14 Iuc cat doc tryc, P 1a lyc cat huong timva P, la
luc cit tiép tuyén (V01 phan chi tiét d3 gia cong)

- Thanh phén Iuc cit tao moO men X04n
M =P D /2, v6i D 1a duong kinh phan chi tict
da gia cong;

- Thanh phén luc cit doc truc P_c6 xu
hudng lam x€ dich chi tiet theo chiéu truc;

- Thanh phan lyc cat huéng tim Py tao
thanh m6 men lat M, = P I, véi 1 1a chiéu dai
phan con lai chua gla cong ctia chi tiét. Thong
thuong, cac chi tiét kep trén cic mam cdp theo
so d0 nay c6 chiéu dai 1 kha ngin, do d6 thuong
bo tac dung cua lyc hudng tam P, nghia la coi
mo men 14t M, = 0.

Nhu vay, ta cin kep chat chi tiét dé tao
luc ma sat giira bé mat tiép xtac ctia nd véi cac
chau kep nham chdng xoay dudi tac dung ciia
mo men xoan M va chdng xé dich doc truc do
luc cit doc truc P:

Hinh 1. Cdc lyrc cdt thanh phan khi tién chi tiét,
kep trén mam cap

7

Hinh 2. So' do tinh lyc kep khi khoan véi phwong
phap kep mat dau

- Diéu kién can bang chi tiét dé chong

xoay:
KP.D, KP.D
VV:‘]D — z—0 —>VK — z "o , (1)
2 2 /D

W, —Luc kep tong cong trén cac chau kep;
K—-H¢soantoan, K=1,3+1,6 1], [5];
f— Heé s6 ma sat gitra cac chau kep va bé
mat tiép xtc cua chi tiét, no phu thudc vao hinh
dang bé mit chau kep: £= 0,2 khi bé mit nhin,
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£=0,3 ... 0,4 khi bé mat c6 ranh hinh cung, f
= 0,45 ...0,5 khi bé mit c6 rinh doc, f=10.8 ...
1,0 khi bé mat c¢6 khia nham;

D — Pudng kinh phdi cta chi tiét (phan
chi tiét chua gia cong);

- Piéu kién can bang dé chi tiét khong
bi x¢& dich doc truc:

W, = KP.. 2)

Tri sb luc kep téng W, dugce chon la tri
0 16n hon trong 2 tri s0, xac dinh theo cac cong
thire (1) va (2).

Luc kep cua mot chau kep:

Wy=—=, 3)
n— S chau kep.
2.2. Tinh toan luc kep khi khoan

Khi gia cong cac 16 bang cac phuong
phap khoan khoét va doa, chi tiét gia cong chiu
tac dung dong thoi cia md men xodn M va luc
doc truc P,. Thong thuong, hgc ct P, valuc kep
chat W c6 cung phuong chiéu va c6 xu huong
an chi tiét Xuéng bé mat dinh vi.

Trén hinh 2 trinh bay so do dinh vi chi
tiét gia cong béng mit du, han ché 3 bac tu do
va mat 19, dung chdt tru ngén, han ché 2 bac tu
do. Viéc kep chat chi tiét dugc thyc hién bang
don kep ren vit, luc kep hudng tir trén xuéng,
hudng vao bé mat dinh vi dugc han ché nhiéu
bac tu do nhat, luc kep cung phuong, chiéu véi
luc cat P, va trong ll‘rc_mg G. Trong truf(‘rpg hop
nay, luc kep khong can qua 16n, ma chi can dam
bao cho phién dan kep chit chi tiét ¢ thoi diém
ban dau khi bat dau khoan.

Duéi tac dung cua mo6 men M, chi tiét

gia cong c6 xu hudng xoay xung quanh tdim AA
va cudi cing n6 ¢6 xu hudng xoay quanh tim
cua chinh n6. Lyc ma sat do lyc kep W va luc
cit P, gdy ra phai tao ra md men ma sat khong
nhdé hon m6 men xoan do mé men M gay nén
d6i v6i tam chi tiét:

<%+WNR=K%¥R, @)

M — M men xoén trén mili khoan;
d — Puong kinh miii khoan;
K —-Hg¢ s6 an toan;
R — Khodng céch tir tam mii khoan téi
tam chi tiét gia cong;
R - Khodng céch tir tdim mat ty téi tam
chi tiét gia cong.

Tur cong thurc (4), ta xac dinh dugc luc kep:

_ 2KMR
dfR,

. )

2.3. Tinh lwc kep khi phay

Thong thuong, chi tiét gia cong dugc
phay bing dao phay mit dau va dao phay tru.
Luc kep chi tiét trong nhimng truong hop nay
duoc xac dinh theo phuong phap gan dung [1],
chi xét tac dung cuia cac thanh phan lyc chinh
tao nén su can béng cua chi tiét.

A .
N Bzl UV 4

—F= A{?

/=l |

TP —1 — Ip
Wi%i éez

W

z
Hinh 3. So dé tac dung lwc khi gia cong bang dao
phay mat dau
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Trén hinh 3, trinh bay so do ga dit chi
tiét khi gia cong bang dao phay mat dau. Luc
cit tiép tuyén R dugc xac dinh theo cong thirc
trong cac so tay Cong nghé ché tao may [1].
Cac thanh phén luc khac duoc léy theo lyc R
nhu sau [1], [2], [4], [5]: Luc hudng kinh: P =
(0,2+0,4)R ; Luc chay dao: P,= (0,3 +0,4)R ;
Luc P =(0,85+0,95)R .

Chi tiét gia cong dugc dinh vi bang mat
phang day, trén 3 chdt ty, mat phang bén, trén
2 chét ty va mit phang canh trén 1 chét ty. Chi
tiét duoc kep chat bang 2 mo kep, v6i phuong
cua luc kep vudng gdc voi mat chuan dinh vi A.
Dé don gian hoa co thé cho rang chi ¢ lyc P
tac dung 1én chi tiét gia cong [1], khi do luc kep
W phai tao ra lyc ma sat P khong nho hon luc
chay dao P:

KP
S,6
f()

P=R+P=W+W,)f=KE >W=

P, — Luc chay dao;
f—H¢ s0 ma sat gitra cac bé mat chi tiét
va do dinh vi.

3. XAY DUNG CHUONG TRINH TU
PONG TINH TOAN LUC KEP CHI TIET
KHI GIA CONG

3.1. Xay dung chwong trinh

Ngon ngtr 1ap trinh Delphi 1a ngén ngix
1ap trinh huéng dbi twong, duoc xay dung dua
trén nén tang ctia ngdn ngit lap trinh Pascal [3].
bay la mdt trong nhirng ngdn ngtr 1ap trinh hién
dai, c6 cau triic chat ché va logic, rat phii hop
v6i viée giai quyét cac bai toan ky thuat.

Chuong trinh ty dong hoa tinh toan
luc kep chi tiét khi gia cong dugc xdy dung
bang ngdn ngir 1ap trinh Delphi. Giao dién cua
Chuong trinh dugc trinh bay trén cac hinh 4

(tinh toan luyc kep khi tién), hinh 5 (tinh toan
luc kep khi khoan) va hinh 6 (tinh toan luc kep
khi phay).

L
- e

Hinh 4. Giao dién cua Chuong trinh tinh toan lyc
kep khi tién

T g R 1 g G 'y
o g e

(T T T T TT TN

[P
T

Hinh 5. Giao dién cua Chwong trinh tinh toan luc
kep khi khoan

= ey
oy e e

S p——
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Hinh 6. Giao dién cua Chuong trinh tinh toan lyc
kep khi phay

3.2. Vi du sir dung chwong trinh va danh gia
két qua thu dwoc

1) Tinh toan luc kep khi tién, chi tiét
dinh vi va kep chat b;ing mam cap 3 chiu tu
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dinh tam (hinh 1) véi cac s6 liéu sau: Hé sb an
toan K = 1,4; luc cét tiép tuyén P =60 N; luc
cit doc truc P =70 N; duong kinh chi tiét D, =
100 mm; duong kinh phoi D = 105 mm; h¢ so
ma sat gitra bé mit chi tiét voi cac chiu cip f=
0,35; s chau capn=3.

2) Tinh toan luc kep khi khoan, chi tiét
dugc dinh vi bang mat dau va mit 15 (hinh 2)
véi cac s6 liéu sau: Hé sb an toan K = 1,3; md
men cit M = 250 Nmm; duong kinh miii khoan
d = 15 mm; khoang cach tir mili khoan dén tim
chi tiét R =250 mm; khoang céch tir diém ty t6i
tam chi tié:t R, =270 mm; hé s6 ma sat gitra bé
mat chi ti€t véi cac thi€t bi dinh vi va kep chat
£=0,2; luc cat doc truc P,= 60 N.

3) Tinh toan luc kep khi phay, st dung
dao phay mat dau (hinh 3) véi cac s liéu sau:
Hé sb an toan 1,3; Iuc cat R =100 N; h¢ s6 ma
sat gitra bé mit chi tiét v6i cac thiét bi dinh vi
va kep chat £=0,2.

Str dung Chuong trinh da xdy dung
dugc dé tinh toan, két qua thu duoc nhu sau
(xem thém céac hinh 4, 5 va 6, két qua nay duoc
copy truc tiép tir file két qua ctia chuong trinh):

*K ét qua tinh toan luc kep khi tién, kep
chdt bang mam cap:

Hé s6 an toan: K = 1,4;

Luc cat tiép tuyén: P =60, N;

Luc cat doc truc: P =70, N;

Puong kinh chi tiét: D, = 100, mm;

Duong kinh phoi: D = 105, mm;

Hé s ma sat: £=0,35;

S6 chéau cap: n =3, cai;

Luc kep tong cong chong xoay:

W, =228,§71,N; ’

Luc kep tong cong chong xé dich doc
truc: W, =98, N;

Luc kep téng cong duoc chon:
Wt=228.§71,N; ’

Luc kep can thiét trén mdt chau cap:
W =76.19, N.

*Két qua tinh toan lue kep khi khoan, chi
tiét dwoe dinh vi trén méit dau va mit 15:

Hé s6 an toan: K = 1,3;

M6 men cat: M = 250, Nmm;

Khoéng cach tir tim miii khoan dén tim
chi tiét gia cong: R = 250, mm;

Khoang cach tir diém ty dén tam chi tiét
gia cong: R = 270, mm; ’ )

H¢ s0 ma sat gitra chi tiet va cac thiét bi
dinh vi va kep chat: f=0,2;

Luc cat doc truc: P,=60,N;

DPuong kinh mitii khoan: d = 15, mm;

Luc kep can thiét: W = 140.617, N.

*Két qua tinh toan lwc kep khi phay, dung
dao phay mit dau:

Hé s6 an toan: K = 1,3;

Luc cit: R =100, N;

Hé sb ma sat gitra bé mat chi tiét va cac
thiét bi dinh vi va kep chat: f=10,2;

Luc kep can thiét: W =227.5, N.

*So sanh, danh gia két qua thu dworc:

So sanh két qua tinh toan bang Chuong
trinh da xay dung duoc va két qua tinh toan
thu cong bang tay dé kiém chung, cho thay hai
két qua hoan toan tring khop. Diéu nay minh
ching cho tinh chinh xac ciia Chuong trinh.

4. KET LUAN

Bai bio da trinh bay co s¢ 1y thuyét
tinh toan luc kep chi tiét khi gia cong bang

cac phuong phap duge dung phd bién 1a tién,
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khoan va phay. Trén co s& do, bai bao da trinh
bay viéc xay dung mdt chuong trinh ty dong
tinh toan lyc kep chi tiét khi gia cong bang tién,
khoan va phay véi cac so dd ga dat dién hinh,
dwa trén ngdn ngit 1ap trinh Delphi, dong thoi
trinh bay ba vi du minh hoa cho vi¢c sir dung
Chuong trinh nay. Két qua tinh toan thu duoc
cho thidy Chuong trinh cho phép ty dong tinh
toan luc kep chi tiét khi gia cong, giam dugc
cong stc, thoi gian, ting toe do tinh todn ma lai
khong bi sai s6t nhdm 13n do viéc tinh toan thi
cong mang lai. Chuong trinh c6 giao dién than
thién, truc quan, dé su dung, co6 thé st dung trén
thyc tién tinh toan luc kep chi tiét khi gia cong
trong qua trinh 1ap cac quy trinh cong nghé gia
cong chi tiét may, hodc s dung nhu mot giao
cu dung trong cong tac nghién clru, giang day
va hoc tap.
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