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XAY DUNG PHAN MEM TiNH TOAN
VA TRA CUU DUNG SAI LAP GHEP THEO TCVN 2245-99

TRUONG CONG NAM*

Tom tit

Cdc quy dinh vé dung sai, tinh todn chon kiéu ldp trong viéc thiét ké san
pham co khi la hét sike quan trong va can thiét. Bai bdo nay trinh bay viéc
nghién civu xdy dieng phan mém hé tro tinh todn va tra cieu dung sai lap ghép
cho cdc ldp ghép long, chat va trung gian theo TCVN 2245-99.

Tir khéa: dung sai, lip ghép.

Abstract

Regulations on tolerances and the calculation to choose types of fitting
in the design of mechanical products are very important and necessary. This
article presents the research and development of software to support the
calculation and lookup of fit tolerances for the clearance fitting, interference
fitting, and transition fitting according to TCVN 2245-99.

Keywords: tolerance, fitting.
1. Tong quan tai li¢u

Ung dung tin hoc trong xay dung cac
phan mém hd tro tinh toan va tra ctru cac théng
s6 k¥ thuat trong viéc thiét ké cic san phdm co
khi néi chung va trong dung sai lap ghép néi
riéng da thu hut sy quan tdm nghién ctu cua
nhiéu nha khoa hoc. Dé tai “Xdy dung phan
mém tw dong hién thi day SLCB va tra bang
fim tri s6 cdc SLCB theo TCVN 2244-99” cua
tac gia Pao Ngoc Bién (2007) [1]. Phan mém
cho phép tu dong hién thi day sai 1éch co ban
(SLCB) va tra bang tim tri sé cac SLCB. Tuy
nhién phﬁn mém chi dung lai & mure d6 tra ctru
cac sai léch gidi han (SLGH), chua di sau vao
giai quyét cac bai toan vé tinh toan va chon
kiéu Ip pht hop cho cac mbi ghép thong dung

va d6 ciing 14 han ché cua dé tai. Muc dich
clia viéc nghién ctru ndy 1a nham giai quyét
cac van dé con thibu va hudng t6i hoan thién
phan mém, dé c6 thé dua vao tmg dung trong
thiét ké may va st dung nhu mot gido cu hd
tro trong viéc giang day va hoc tap cho sinh
vién cac nganh Co khi.

Trong bai bao nay, tac gia da nghién
ctru xay dyng mot phén mém hd tro tra cliru
dung sai va tinh toan chon cac kiéu lap tiéu
chuan cho cac mbi ghép hinh try tron duoc
nhanh chong va chinh xac. Trén co sé tim
hiéu cac TCVN vé dung sai lap ghép, co s
ly thuyét vé tinh toan chon kiéu lip cho céac
lap ghép long va chit, tac gia da xay dung
co s¢ dit liéu trén phan mém Access dé phuc
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vu cho viéc tra ctru va truy xudt sd liéu tinh
toan, phat trién giai thuat chuong trinh, thiét
ké giao dién phadn mém va viét code chuong
trinh dya vao cac giai thuat chuong trinh da
thiét ké trén nén tang co s 1ap trinh Visual
Basic 6.0. Sau khi chuong trinh hoan thanh,
tac gia da tién hanh kiém nghiém phan mém
dé danh gia két qua nham dam bao tinh chinh
xac cua chuong trinh.

2. Phwong phap nghién ctru

2.1. Tinh toan chon kiéu lip léng
va chat

2.1.1. Tinh dg hé va chon kiéu ldp long
boi tron thuy dong

o) trang thai lam viéc, b truot phai dam
bao hai yéu cau:

1. Lam viéc v6i hiéu suét tt nhat

2. Lam viéc v6i ché do ma sat w6t

Do ho s€ dugc tinh theo yéu cAu thir nhét
de chon kiéu lap tuong ung, sau do6 sé kiém
tra lai yéu cau thu hai.

2.1.2.. Tinh todn chon kiéu ldp chit

Chon kiéu ldp chit tiéu chuan cho mbi
ghép co the duoc tién hanh dua trén co so tinh
toan dé dam bao hai diéu kién sau:

- Pam bao dd bén chit cua mdi ghép,
nghia 1a gitra hai chi tiét lap ghép vdi nhau
khong co su dich chuyén twong do6i véi nhau
khi ¢6 ngoai lyc tac dung.

- Pam bao stc bén cua bé mat lap ghép
khong bi pha héng do g suat phat sinh dudi
tac dung ctua do doi lap ghép.

Vi hai diéu kién trén da dat ra hai nhiém
vu tinh toan:

1. X4c dinh d6 doi cho phép nhé nhat
N__ de truyén lyc (mdmen xoan, luc doc truc
hodc ca hai)

Ky

o

Y M

2. Xac dinh d¢ doi cho phép 16n nhét
N dé khong gy ra bién dang déo cho cac
chi tiét lap ghép.

Trinh ty tinh todn chon kiéu lip l1ong va
chdt duogc trinh bay chi tiét trong tai li€u [2,
chuong 2]

2.2. Thiét ké gidi thudt chwong trinh

Giai thuat tra dung sai, SLGH, tinh kich
thudc gidi han va xac dinh dac tinh lap ghép
thé hién ¢ hinh 1.

(@=1) va
(d<=500)

Chon
HE THONG LAP GHEP

“Hg théng
Lo"=True

bl
Chon ldp ghép tir Chon ldp ghép tir
H¢ théng Ld Hé théng Truc
Chon kiéu Iap tir
« LVKIEULAP »

Tra Dung sai L3 va Truc
Xac dinh Dac tinh 1dp ghép

!

Tp, ES, EI Duax, Din
Ty, es, ei, dia, dnin
Smaxa Smim Slbv TSv
(Nmam Nmim Ntba TN )

Hinh 1: Luu db giai thuit tra dung sai,
SLGH va djc tinh lip ghép
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Giai thuat tinh toan chon kiéu lap cho cac lap ghép long va chidt dugc trinh bay trén

hinh 2.

Nhap s6 liéu ban dau Nhap cac sb liéu ban diu
d, 1,n, m, Ryp, Ryg d, d;, d, I, £, Rzp, Ryg,
Ei, Ea, uy, M2, Gcis Oc2
l Chon nhép s0 liéu theo
Mx. P hav Mx va P

Tinh P, Sm, de

A 4

< PsR o T . Tinh [P ] N NG
Chon kiéu [ap long co 1 minds mins {4 Vminds

Stb ~ de pl: PZ» [Pmax]a N’min ’[Nmax]
A
Chon kiéu lp chit theo
hé théng lap ghép
Béo khong
Tinh hy;, thoa

hmi n22 (RzD+de)

Bao thoa didu kién

b

Théa diéu kién

Xuét két qua

End

o2

Hinh 2: Luu db gidi thuat tinh toan chon kiéu Ldip cho lip ghép léng va chat

s dir liéu @ tra ctru va truy xuét trong qua trinh
tinh toan dugc xay dung dua trén cac bang tra
ctru dung sai, hé thdng lap ghép 15 va truc, cac
bang tra SLGH...theo TCVN 2245-99 [4], [5]

3. Két qua va bién luin
3.1. X4y dyng phin mém

Phan mém “Tinh toan va tra ctru dung

sai lap ghép” duoc viét bang ngdn ngit 1ap trinh
Visual Basic 6.0, 1a mot ngon ngit 1ap trinh manh
thich hop dé giai cac bai toan k¥ thuat [3] . Co
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va dugc thanh 14p trén phin mém Access. Cac
giao dién chinh ctia phdn mém duoc thiét ké
gdm céc giao dién nhu hinh 3 va 4. Sau khi
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thiét ké cac giao dién chinh cua phan mém s&
tién hanh viét code dé thuc hién chuong trinh.
Chuong trinh dugc thuc hién dua trén cac luu
dd giai thuat nhu hinh 1 va 2.

| l»rmipc.(cmmso’nmmiuf KET QUA TINH B0 HO BAN BAU
| chid e8i6 L immi LIS
- [ | Bemwisa [
6 vong quay o (vEiph) [ | | Pébbanddusdpan
[nmm rayét adi ddu (N sm2) Xsc dinh 44 b ban Ay
| Ebda s BEH RDwiy Tia bing chan kifu l4p 8 Stb gin nhdt
‘.Nuuh!mﬂlll‘tw.lm) vl gif i Sbd

| Kifm nghiém diéu kién ma =it wdt
Tinh chon Hp Kng

I bmin{ pm) K(RzD + Rzd)

| - - 3

Hinh 3: Giao dién phan tinh toin chon
kiéu lip léng

e e g i

TRA DUNG SATLO TRADUNG SAITRUC |  BACTINH LAP GHER
KIEULAP
100
TiNH CHON LAP CHAT
NHAF THONG 50 CAN THIET KET QUA TINH TOAN
‘Bukinh 18 trye dl (mm) T
[Punin] yiéu cis (Vi) 107
‘Bkinh agod 18 d2 (mm) x::: L
Chido dbi Mpsheplmm) [ ugg | o cdn ik (um)
] Heé o8 ma st Déng cfa| AP e néng Bl (Nim2) x 107
Nudm 13 KD tmicromen) e e e
i o | | Mt e Rad (micromen Dug
Modun 6.0 mie Bl (Mpay |KH Nhdw| [Pmiax] cbo phe p (Nim?] x 10"
Madun 0814 E2 (Mpa) N max edn thi€t gum)
motonmes o | Dmaxlchophépiny [
16 56 Poatson eda 1§ i I
Tinh chon p g | | | G chiy trpe (Nim?)x 107 Pnis] ctio phep (i)
Ghehiy BMNmYx 100 | 4‘
O e djab 8¢ 61 <bo phép
EXIT it chu bip ehat | | | 3smen xofn Mx (Nuy oLty || o= |
Lige doc tmus P(¥) = <E >
—

Hinh 4: Giao dién phan tinh toan chon
kiéu lip chit

3.2. Kiém nghiém phin mém

Sau khi chuong trinh dugc hoan thanh,
tac gia d tién hanh kiém nghiém chwong trinh
bang cach nhap vao nhiing s6 liéu cu thé. S6
lidu nay duoc lay tir tai liéu tham khao (hoic
& vi dy). Roi ding phan mém nay, dé tra ctru,
tinh toan thir va nhan dugc két qua. Sau do
so sanh két qua thu dugc véi két qua tra ciru
trong tai li€u va tinh toan thu cong.

Pé minh ching cho tinh chinh xéc
ctia chuong trinh xay dung phan mém, ta
ding phin mém nay dé tinh toan cho thi duy
cu thé va so sanh két qua thu duoc voi két qua
tinh toan thu cong.

Vi du 1: Chon kiéu lip cho mébi ghép 6
truot lam viéc voi cac thong s6 sau: d = ®80
mm, | =100 mm, n= 750 vong/ph, P=6000N,
boi tron bang dau cong nghiép 45 c6 d6 nhét
n = 0,036 Ns/m?, d6 nham bé mit tryc R, =
3,2 um, R, =6,3um.

Qua trinh tinh toan thu cong dugc trinh
bay trong tai liéu [2, trang 33]. Két qua tinh
toan trén phin mém dugc thé hién trén hinh 5.

B PHANMEMTRADUNG SU VA TINFTOAN CHONMDI GHEP -
Mens Dungsai Tacgia Help

=)

_TRADUNGSAITRYC | _DAC TiNHLAP GHER I

Td  (mmk [0.046 Smax (ymy [192
e (mamy [01 I [
o (mmp [0146 e
duax (mm): [19.8 S (umr i
dmin (mmy:  [15.854 T (may 0052

TINH CHON LAP LON
NHAP CAC THONG S6 BAN PAU—| “KET QUA TINH PO HG BAN DAU-
Chida d3i 4 L (man): [ | Ap=ditich p(Nin2) [ 750000
T g P (N): s B ud stnbstSmpmy [ 167
S8 véng quay n (vgiphl [ | 2% an S5 4 m): 148

Buahdtmyétasidiu (Nsm2 P08 | xc dink ag b ban dfu

b mgesd |
e i Ten bing chon ki€u lp cd Stb gin nhit
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KIEULAP
Hops
Hpo.
Hous
e
bk TINH CHON LAP CHAT
bt NHAP THONG SO CAN THIET - KET QUA TINH TOAN
HTA5 » LIS
7o DriahBuyedl may (10 el (pmin) yeu chu ¥y [205[x10°
e Duxiah ngosi B 42 mny  [10 |0 pge -
Hans Chibu dai Mp ghep 1 (may [10 | 200 che mit i) 2
LapChat  -| |HBAS Hé o6 ma sdtf [Déng cdn| Ap hrc iéng pl (Nm2) [ 19.7]x 107
Hes Nhim 8 ReD (micromet) |10 Déng ddc. A'vhrt&ubhmij—uno’
<5 || Nhim e Rad (micromen Déng thay
— ‘Médun & héi truc E1 (Mpa) KH Nhdw| [Pmax] cho phep (Nm2{  13x 107
H7m? Modun .01 13 E2 (Mpa) Nmax cdn thiét gum) 4
B S Poutmon il e [Nmax] cho pheép (um) m
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Hinh 6: Két qua tinh toan chon kiéu lip
chiit trén phin mém
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* So sdnh doi chiéu két qua gitra phan mém voi tai ligu

Biang 1: Bing so sanh két qua tinh toan chon kiéu lip 16ng

Ap suét trung binh p, N/m? 750000 750000
Do hé tot nhat S_, pm 167 167
Do hé ban dau S, ,, pm 148 148
Chiéu day nho nhét ctia chém dauh_, pm 33 33
Diéu kién kiém nghiém 2(R,, + R ) 19 19

Biang 2: Bing so sanh két qua tra dung sai va dic tinh Iip ghép long

- Mién dung sai 1a H8 | - Mién dung sai 1a H8
s -ES = 0,046 mm -ES = 0,046 mm
Chi tiet Lo
-El = 0 mm -El = 0 mm
-T,= 0,046 mm -T,= 0,046 mm
- Mién dung sai 1a d8 |- Mién dung sai la d8
o -es =-0,1 mm -es =-0,1 mm
Chi tiét Truc ) )
-et =-0,146 mm -et =-0,146 mm
-T,= 0,046 mm -T,= 0,046 mm
-S . = 192um -S . = 192um
Dic tinh lap ghép -S_. = 100 pm -S = 100 um
-S, = l46um -S, = l46mm

Vi du 2: Tinh toan va chon lip ghép
tiéu chuan cho mdi ghép c6 do déi cb cac
kich thugc d = 60 mm, 1 =70 mm, d, = 10
mm, d, = 100 mm dung dé truyén moémen
X04n M =650 Nm. Vit li¢u dé ché tao cac
chi tiét la thép 45 c6 gi6i han chay o =
a,=36.10" N/m>, Chiéu cao nhép nhé cua
nham bé mat truc R,, = 6,3 pm va cua 16
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R, =10 pm.

Qua trinh tinh to4n tha cdng dugc trinh
bay trong tai liéu [2, trang 39+40]. Két qua
tinh toan trén phén mém duoc thé hién trén
hinh 6.

* So sanh do1 chiéu két qua gitra phan
meém voi tai liéu.
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Bang 3: Bang so sanh két qua tinh toin chon Kiéu Iip chit

:f Vg
,*&,,a
'

@

W, L
A T
NE Y

Ap suét riéng nhé nhat [P_ ], N/m’ 2,05 x 107 2,05 x 107
Do doi tinh toan can thiét N° _ um 20 20

Do doi cho phép nhé nhét [N_ ], um 50 50

Ap suét riéng P, N/m? 19,7 x 107 19,7 x 107
Ap suét riéng P, N/m? 13x 107 13x 107
Ap suat riéng cho phép [P__ ], N/m? 13 x 107 13 x 107
D9 doi tinh todn can thiét N°_, um 124 124
Do déi cho phép 16n nhat [N__], um 144 144

Bang 4: Bang so sanh két qua tra dung sai va diic tinh Iip ghép chit

- Mién dung sai 1a H7 | - Mién dung sai 1a H7
s -ES = 0,003 mm -ES = 0,003 mm
Chi tiét Lo
-El = 0 mm -El = 0 mm
-T,= 0,003 mm -T,= 0,003 mm
- Mién dung sai 1a u7 |- Mién dung sai 1a u7
o, -es =0,117 mm -es =0,117 mm
Chi tiét Truc . )
-e1 = 0,087 mm -e1 = 0,087 mm
-T,= 0,003 mm -T,= 0,003 mm
, - = 117 pm -N = 117 um
bic tinh lap ghép max 2 max s
~ Vnin - 57 “m -Nmin - 57 um

Nhu vay, tir cac két qua tinh toan va tra
ctru bang phan mém véi két qua tinh toan va
tra ciru bang thii cong hoan toan phi hop nhau.

Ngoai ra phan mém con cho phép tra
clru gia tri dung sai theo cip chinh xéc, tra
cac gia tri SLGH theo mién dung sai cua 13
va truc.

4. Két luin

Phan mém “Tinh toan va tra ciru dung
sai lap ghép” cho phép tu dong tra clru cac
gia tri dung sai kich thudc, SLGH va xac dinh
dac tinh lap ghép cac kiéu lap trong hé thdng
lap ghép 16 va truc theo TCVN 2245-99. Bén
canh do phﬁn mém cling hd tro tinh toan chon
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kiéu lap phii hop cho cac lap ghép hinh try tron saiva Ky thugt do, BO mon Co Khi, Truong
(lap 16ng, 1ap chat) mot cach nhanh chéng va Dai hoc Ctru Long;

chinh xdc. Phan mém c6 thé str dung trong - 31 Nguyan Tién (2002), K7 thudt ldp trinh
thiet ké san pham co khi hoac st dung cung Visual Basic tw hoc trong 21 ngay, NXB
vé1 gido an dién tir nhu mot gido cu phuc vu Théng Ké.

cong tac giang day va hoc tap cho sinh vién . ,
[4] Ha Van Vui (2006), Dung sai lap ghép va

chuéi kich thuée, Nha xudt ban Khoa hoc
va K§ thuat Ha Noi.
[5] Ninh Duc Tén (2008), S6 tay Dung sai ldp

chuyén nganh Co khi.
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