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The object in this article is applying probabilistic design method to reliability based design
and analysis of machine elements, introduce theory fundamental of most probable point-
based and matching moment methods, design and analyze of the single reducer, which
is frequently used in many transmission systems using RADME computer program.

TOM TAT

NGi dung bai béo nay dé cép dén viéc (ng dung phuong phép thiét ké xac suét dé thiét
ké hé théng truyén dong trén co s& d’,é tin céy; Pua ra tl:fnh twr va lap chwong trinh tirzh
toan tw dong; Tinh toan thiét ké hé thong truyén doéng dién hinh la hép giam toc mét cap

bang chuong trinh RADME tw thiét I4p.

I. GIOI THIEU

Trong phuong phép thiét ké truyén
thong (thiét ké don dinh) dé dam bao an
toan chi tiét, ta thiét ké theo trudng hop xau
nhat hogc theo gia tri trung binh cua nhiing
gia tri giéi han chia cho hé s an toan, khi
d6 thiét ké co thé thira hodc khong du kha
nang tai. Trong thiét ké cac hé thong phirc
tap, su thay doi nho cac thong sé dau vao
1a nguyén nhan dan dén mat mat chat luong
hodc khong dam bao do tin cdy, an toan cho
san pham. Phuong phap thiét ké xac suat,
nghién ctru tinh toan theo sy phan bd xac
suét cac dai luong thiét ké, dam bao do tin
cdy cho trudc, tinh an toan, chat luong va
tinh kinh té san pham.

Trong cac phuong phap xap xi thi phuong
phap mémen thich hop dugc sir dung dau
tién [8, 9]. Phuong phap tim diém xac suat
16n nhat duge st dung vao nhimg nim gan
day [1-5, 7]. Déi tugng nghién ciru trong

bai bao nay la viéc ing dung cac phuong
phap trén, dua ra trinh tu day du va hi¢u
qua dé thiét ké va phan tich hé thong truyén
dong co khi theo dg tin cay. Dua theo trinh
tu nay, chiing t6i da xay dung chuong trinh
phan tich va thiét ké h¢ thong truyén dong
co khi theo d¢ tin cay.
I1.CO SO TINH TOAN

Pé thiét ké va phan tich hé thong truyén
dong co khi theo dg tin cdy, ching t61 dua
ra trinh tu sau:

« Phan tich cay dang hong hé théng, dua
ra so do tinh hé thong.

« Phan phbi do tin cay hé thong xét dén
kha nang cong nghé va gia thanh gia cong.

« Thiét ké cac chi tiét hé thong truyén
dong trén co s& phuong phap mdémen thich
hop. Lua chon cac thong so ti€u chuan cho
chi tiét.

« Dya vao két qua thiét ké danh gia do
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tin cidy hé thong theo phuong phap tim
diém xac suat 16n nhat.

« Danh gia do tin cdy toan bo hé thong,
néu khong thoa ta nang cao do tin cdy cac
phan tir trong hé thong dé dam bao do tin
cay cho trudc.

« Tién hanh tinh toan lai theo budc 3.
Neéu do tin cay hé thong thoa thi ta ding
tinh toan.

Bé giam b6t s0 luong cac dai lugng
ngau nhlen thi trong g1a1 doan thiét ké, dau
tién ta can xay dung bé mit dap ung bac
thap (bac nhét) cho ham trang thai gidi han
vGi tat ca cac dai lugng ngau nhién. Sau d6
phan tich loai bo cac dai lugng ngau nhién
it anh hudng.

Do tin cay duoc dinh nghia 1a x4c suat
cua ham trang thai g10’1 han g(X) > 0 tuong
ung voi gia tri xac suat cac bién ngiu nhién
X=X,X,....,X) nam trong viing an toan,
duoc xac dinh theo cong thuec:

R=P{g(X)>0}= [ fu(x)dx (1)

g(X)>0

Céc phuong phap phd bién thuong duoc
su dung trong viéc phan tich do tin cay la
phu(mg phap momen thlch hop, phuong
phap xp xi bac nhat va xap xi bac hai. Co
s¢ cua cac phuong phép nay la don gian
hoé qué trinh tinh todn thong qua viéc don
gian hoa cac cong thic dudi diu tich phan
f (x) va st dung gia tri xap xi ham trang
thai gidi han g(X).

2.1. Thiét ké theo phwong phap mémen
thich hop

Trong tinh toan thiét ké cac chi tiét may
trén co s¢ do tin cay, theo cac chi ti€u cu
thé 1a trén co s& do bén, doi hoi cac hiéu
biét vé ban chat ngau nhién cua do bén va
tmg suat. Néu nhu ham phéan bd xac xuat
cia chiing duoc biét 1a f(z) va £(y) thi do
tin cdy cua ching dugc udc lugng bang
cac biéu thuc tich phan. Trong cac truong

Phan tich va thiét ké hé thong truyén dong co khi theo dé tin cdy bang phwong phdp tim diém

hop ma Z va Y phan b theo qui luat chuén,
logarit chuin, ham sé mii, Weibull, ... cac
cong thuc tich phan c6 thé rat gon thanh
cac dang don gian. Ham g(Z, Y) =72 -Y
goi la ham trang thai gidi han, chi tiét an
toan khi g(Z, Y) > 0, bi hong khi g(Z, Y)
<0).

Khi tinh toan thiét ké do tin cay két cau
trén co s6 do bénthig=Z — Y =g(X,, X,,
X)trongdoZ—f(Z Z)—
f(X X)ladobenvaY (Y,
Y, .. Y) f(X o X s e X ) lating
suat Khal trién ham trang thai gidi han tai
diém c6 gia trj trung binh cac bién ngiu
nhién.

g(X)~L(X)=g(x,, x,, ..
0g .
el

oz .
...+{%L(xn—m,(n) (2)

LX)+

X[)+{5X2:| (xz my,)+

*
(xl _mxi)

g(X) L(X )= g(X*)ﬁ;Tg

=g(X )+Vg(m)(X -m,)" (3
Trong do:

X' =(x,,%5,%,)=(m,,m,,...m, )
1a diém khai trién tai gia trj trung binh.

Giéa tri trung binh m, va sai 1éch binh
phuong trung binh S xac dinh nhu sau:

sy, )=g(m)  (4)
S :\/|:8_g} S+ |:8g T s? +...J{ag T s?
¢ ox, | o lox, | ox, | "
= \ {a_g}z S?2
\f Slox, | "

Khi @6 do tin cay R duogc xac dinh theo
biéu thuc sau day:

m, =g(m_ ,,m,
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R=P(g(X)>0)
=1-P(g(X)<0)

Trong truong hop g =Z — Y thi chi s6 d6
tin cay P xac dinh nhu sau:

b :&: m, —ny
Se S +S7
:fl(mzpmzzv--’mzm)_fz(myl’myz ----- ny, )

2 2
m af‘] 5 m af‘z 5
=41 S+ == S
\/;|:azl :|m “ ’ZI:|:aYl m !

Trong tinh toan thiét ké mot s chi tiét
may dai luong Z vaY phu thudc vao nhiing
dai luong ngau nhién Z va Y, dudi dang
ham so mil

Y= f[ VAl
i=1 i=1

voi a, B, 1a chi sO mil. Khi do gia tri
trung bmh m,, m, va h¢ s6 bién phan tuong
tmgv,, v, s€ bang

k
_ a;. _ b;
mz_Hmzw mY_Hin
1 1
k
2.2 .
2. bV (6)
1

VO’l v.1a h¢ s6 bién phan ctia nhan t6 X.
Chi sb do tin cay:

b= n—1 7
\/EZZa v +z b v
1
Trong do
)
mY

la gia tr1 hé s6 an toan trung binh, v, Va
v, lahé s6 bién phan nhiing dai lugng Z va

Y. Giai phuong trinh trén ta suy ra 7z, tu
day xac dinh kich thudc can tim.

2.2. Phan tich d¢ tin cay theo phwong
phap tim diém xac suat lé'n nhat

Phuong phap tim diém xac suat 16n nhat
g6m 2 budc: dau tién chuyén cac bién ngiu
nhién ban dau sang khong gian chuan, tiép
theo 1a xap xi ham trang thai giéi han [1-
5].

Dé chuyén cac bién ngau nhién tir khong

gian ngiu nhién ban dau sang khong gian
chuan thi dau tién ham dudi dau tich phén
f (x) duge don gian hoa bang cach bién doi
cac blen ngau nhién. Khong gian cua céc
bién ngiu nhién ban dau X = X,
X)) duoc g01 la khong gian X. Chuyen tat
ca cac bién ngau nhién thiét ké tir khong
gian X sang khong gian chuan U véi gia tri
trung binh ctia cac bién nay bang 0 va sai
léch chuan bang 1, khi do:

Xi - mxi + Uini

Sau khi bién d6i ham trang thai gii han
c6 dang Y = g(U). Khi d6 d9 tin cdy dugc
xac dinh theo cong thic:

R=P{gU)>0}= [ fy(wdu (8)

2(U)>0

Vi cac bién u. 1a doc 1ap, nén ham U(u)
duoc xac dinh:

n 1 _ﬁ
f = 2 9

Pé viéc tinh todn ham tich phan & cong
thirc (8) dugc don gian hon thi ham trang
thai gl(n han g(U) = 0 duogc xap xi thanh
ham tuyén tinh qua phép khai trién Taylor

bac 1:
g(U) = L(U) = g(u*) + Vg(u*)(U—-u*)"  (10)

v6iu* = (ul*, u2*, ....un*) la diém khai
trién, T 1a ky hi¢u ma trdn chuyén vi va
(u*) la gradien cua ham g(U) tai u*.

bé lam giam sai sO, cach don gian nhat
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1a ngudi ta tién hanh khai trién ham g(U) tai
diém xac suat 16n nhat. Bai toan tim diém
xac suat 16n nhat, 1a diém thudc mat g(U) =
0 va c6 mat do phan phoi theo U 16n nhat:

Tim gia tri 16n nhat:

T an

i=1 \/2|O
v6i diéu kién g(U) = 0.
u, A Xap xi bac 2

/

(U0

gU)<0

Piém x4c sudt 16n
nhit u*

Xipxibiel— |

Momen thich hop
guyo | G-

TN

Hinh 1: Piém xdc suit I6n nhit

=Y

vdi xap xi bdc nhat

Bai toan trén tuong duong:

Tim gia tri nho nhét ||u|| voi:

= yJul +u2 +. 4 (12)

la o dai cua vécto u.

Khoang cach ZH“ duoc goi 1a chi
s6 do tin cdy, theo hinh 2 la khoang cach
ngan nhét tir bé mat g(U) = 0 dén gbc toa
do trong khong gian U.

Do tin cay R xap xi theo cong thic:

R~P{L(U)>0}=1- @[_;’LJ

L

13)

Phan tich va thiét ké hé thong truyén dong co khi theo dé tin cdy bang phwong phdp tim diém

Giai thuat tim kiém diém xéac suit lon
nhat nay su dung cong thirc hoi quy va nd
dua vao tuyén tinh héa ham trang thai gioi
han. Ta thuc hién theo trinh tu sau:

1. Lap ham trang thai gidi han g(X).

2. Chuyén tir khong gian X sang U.

3. Chon u° la diém khéi dau.

4. Xac dinh g(u°) tir ham trang thai gidi
han.

5. Xac dinh Vg(u’) theo cong thirc
(11).

6. Tinh Ve =y(Ve (")) .

20 — ‘Vg(uo)

7. Tinh ti s6 Ve .

8. Xéc dinh gia tri b° =|u’].
9. Vong lap ké tiép bat dau véi

0
u
N N 8( 0)
[Ve(u®)

10. Thuc hién cac budc 1-9, néu thoa
man cac di€u kién héi tu thi dung. Néu
khong, ta Iap lai trinh ty tinh véi k = k+1.

Céc diéu kién hoi ty duge st dung dé két
thac vong lap dugc thé hién dudi biéu thuc
H utt = uk” < e Hblm _ bk” < e,

3

sau:

Vgu*') - vgu®) [< e :
w Vet -veH[<e,
€,,€,,€;¢h gia tri rit nho.
IIIl. CHUONG TRINH RADME
Trén co so Iy thuyét trinh bay ching t6i
thiét 1ap chuong trinh tinh toan thiét ké va
phan tich h¢ thong co khi trén co s dg tin
cay RADME. Chuong trinh gom ba phan:
- Thiét ké va phan tich cac két cAu

- Thiét ké va phan tich cac chi tiét hé
thong truyén dong co khi
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- Céc chi tiét may khac

Trong muc nay chung t6i trinh bay tinh
toan thiét ké hé thong truyén dong dién
hinh 1a hop giam téc 1 cap (hinh 3). Cong

Dai hoc Su pham Ky thudt Thanh pho”' Hé Chi Minh 23
Cj}? Bc}nh Truc I | Truc II| O lan
tiet rang

Do tin
A 0,999 | 0,999 [ 0,999 | 0,988
cay R
Bing 2

suét truyén P=7,5kW, ti sb truyén u=3,15
(bang 1) [6].

3
111 111
1T ni
| X [ x |
[ L
11 I
1,
Hinh 3: Hpp giam toc 1 cip
Truc Momen S vong
xoan, Nmm | quay, vg/ph
| 73993 968
II 233077 307,3

Bdng 1: Dac tinh ky thuat
Do tin cay hé théng R = 0,95. St dung
phan tich cay hong hoc (hinh 4) ta c6 do tin
cay hé thong xac dinh theo cong thic:

R - I{sh2 RcoanendR4bear

Hé théng hdéng]

m

I ]
Bédnh rdng héng

N

True hong

A
® O

0 lan hong

Hinh 4: Céu triic cdy héng héc

Str dung cac phuong phap phan phdi do
tin cay h¢ thong ta tim dugc do tin cdy mdi
phan tir trong h¢ thong nhu trong bang 2.

3.1. Thiét ké va phan tich banh ring

Thiét ké va phan tich banh ring theo do
tin cdy, do bén tiép xuc. Bién thiét ké 1a
duong kinh vong chia trung binh d . Gia
tri trung binh va sai Iéch binh phuong trung
binh céc dai luong nglu nhién: K4 = 1;
Kub =1,15; Kwv =12; Kua = 0.8; hé
s6 bién phan tai trong ngoai Yk, =0,1; T=
N(73992, 7399,2); Z,,= N(269,49; 5,68);
Z = N(1,76; 0,0838); Z. = N(0,9037;
0,012426); Z = N(1; 0,003), Z,, = N(1,04;
0,0343); K = N(0,92; 0,03036); K, =
N(1,03; 0,0339); K, = N(1; 0,033); u =
N(3,15; 0,0315); ¥ s« = N(0,4; 0,04). Vat
lidu banh ring 1a thép carbon duoc toi bé
mat voi gia tri trung binh va sai 1éch binh
phuong trung binh gi¢i han moi tiép xiic
= N(1050, 50) MPa. Gia sir rang, sai léch
binh phuong trung binh duong kinh Sd =
0,001 va do tin cay R = 0,999. Sau khi tinh
toan bang chuong trinh RADME (hinh 5)
ta thu dugc = 46,49 mm va Sd = 0,0469

mm.

= Reliability design of gear drive for pitting resistance
RELIABILITY DESIGN OF GEAR DRIVE FOR PITTING RESISTANCE

T [73933 s, [73393 X, I Sg, [o1 Vi [01

R 15 R 12
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Sau khi chon duong kinh vong chia d =
N(48; 0,048) mm ta tién hanh phan tich do
tin cdy. Két qua phan tich do tin cay theo
cac phuong phéap khac nhau trinh bay trong
bang 3.

Phuwong Momen FORM voi | Mo phong
phap thich hop | MPP Monte
Carlo
Do tin 0,9997299 | 0,9995335 | 0,9995407
cdy R
Bdng 3

3.2. Thiét ké va phan tich truc

Dau tién ta thiét ké va phan tich cho truc
I. Luc huong tdm tac dung lén truc I 1a F =
800 N va ngugc chi€u voi lyc F_. Dir ligu
nhap vao: M, =255 MPa, Ss» =30 MPa;
m, = 73993 mm, S_ = 7399,3 Nmm, m__
=1122,IN,S_ = 1122 N, m_ = 3083 N,
S.,=3083N,m_,=800N,S  =80N,m,
=100 mm, S,=0,5 mm, m =50 mm, S _=
0,25mm, m, =70 mm, S, = 0,35 mm. 7. =
0,9, Se =0,03; Mp =1, Sp =0,02; Mgs=
2,5, ks = 0,015, m, = 1,1, S, =0,033.
Thiét ke voi do tin cay R = 0,999.

Pé giam bt s6 lwong cac dai lwong ngu
nhién thi trong giai doan thiét ké dau tién ta
can xay dung bé mit dap tmg bac thip (bac
nhét) cho ham trang thai giéi han véi tat ca
cac dai lugng ngau nhién. Phuong trinh hoi
quy thu dugc nhu sau (cho tryc I):

y=46,414795-1,902249x -1,900806x,,
- 7,100178x, - 4,956725x, — 0,365519x
—0,097684x, — 0,097828x. +35,651551x

+10,101273x,+6,060764x,,+9,091146x  —
1,818229x , + 0,491370x

Sau d6 xac dinh chi sb d6 nhay theo
cong thuc:

b
k
>

Két qua duoc gia tri chi s6 do nhay:

S, =

Phan tich va thiét ké hé thong truyén dong co khi theo dé tin cdy bang phwong phdp tim diém

s[1] = -0,02237170; s[2]= -0,02386888;

s[3]= -0,08915865; s[4]= -0,06224280;
s[5]= -0,00458991; s[6]= -0,00122664;
s[7]= -0,00122845; s[8]= 0,44768517;
s[9]= 0,12684413; s[10]= 0,07610648;

s[11]=0,11415972;s[12]=-0,02283194;
s[13]= 0,00617025

0.5
0.3

0.1

i

-0.1

-0.3

-0.5

Hinh 6: Chi s6 dj nhay
cta cdc bién ngau nhién:1 - F ; 2-F ; 3- F ;

4-T;5-1; 6-a; 7-b; 8- O3 9-£;10-P; 11-K,;
12-K_;13-d

Néu chi s6 d6 nhay nho hon 1% (0,01),
thi dai lvong ngiu nhién xem nhu 1a don
dinh va khi tinh 1ay theo gia tri trung binh.
Trén do thi phéan tich d6 nhay (hinh 6), d6
lacacbién 1, a, bvad.

Sau do, ta tién hanh tinh toan thiét ké
bang chuwong trinh RADME. Chon nit
Position C trong Case 1 (luc Frl va Fr2
nguoc chiéu).

Két qua thu duge d = 26,744 mm (hinh
7). Giai bai toan trén theo phuong phap toi
vu két hop véi phan tich do tin cay theo
md phong Monte Carlo ta thu duge d =
26,695mm.

S Case 1 - Position C

CASE 1 Fr1 AND Fr2 CONTRARIWISE - POSITION C
sigr 1 Analysis
rut da
L — E [ s, [zt
E, [0 s, | F, [0 s, [o3 F,
E [ s, | 2 s, I )
b [ s, | 1 [m s In i 0 B
R foss S o [= s, [ =% = o
: iy s, [o B i s, fou
K, [11 S, [o K, [2s S [o1s R (A
R -
1
M. [s602s CONEEEETRR Y [rrors s, [7ors
M s arens s, . [oosoosies 2 pos
[risonor s, [4i057 [oos7izses — n [istosior
ffrTors s._[f5ezm [oriomes 4 [27a54529 Exit

Hinh 7: Thiét ké truc
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Sau d6 ta chon theo tiéu chuédn d = 28
mm va tién hanh phan tich do tin cay. Két
qua phan tich cho trén bang 4.

Phuwong phap Do tin cdy R
Momen thich hop 0,9998527
FORM vé1 MPP 0,999913
Mo phong Monte Carlo | 0,99990274

3.3. Chon 6

D6 tin cdy 6 lan phu thudc vao thoi gian.
Chon nut Case 1 trén hdp thoai chon b cho
truc I. Nhap dir ligu dau vao voi tudi tho
tinh bang gio L, =3000h Va sd vong quay
n =968 Vg/ph va do tin cay 6 R = 0,988 ta
thu duoc két qua nhu hinh 8.

1, [0 N , [m2i1 s, [izn
E, [0 s, [ E, [ s, [
E D s o a @ s, |=
b
R

c ol g gt g

Result Exit

Hinh 8: Chon é

Kha nang lam vi€c tinh toan C = 18972N,
ta chon 0 305 v6i duong kinh ngong truc d
= 25 mm. Tuong ty ta chon 6 cho truc II.
Két qua danh gia do tin cay 6 dua ra trong
bang 5.

o Do tin cdy R
Truc I 0,9998527
Truc II 0,999913

Bing 5: Pdanh gid dé tin cdy 6
V6i cac két qua tinh toan nhu trén do tin
cay h¢ thong:
R=R_*R_ R R*

con  bend = bear

R=0,9999132.0,9995335.1.
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IV.KET LUAN

Tu két qua tinh toan ta c6 mot s6 ket
luén sau:

- Pé tinh toan thiét ké cac chi tiét may
thi phuong phap moémen thich hop hi¢u
qua hon vi d& dang xac dinh hé sé an toan
trung binh.

- bé phan tich do tin cay thi phuong
phap tim diém xéc suét 16n nhét chinh xac
hon phuong phap momen thich hgp (néu
so sanh véi phuong phap chinh x4c nhét 1a
mo phong Monte Carlo), tuy nhién, phuong
phap thtr hai don gian hon.

- Trong cac dai luong ngau nhién thi co
tinh vat liéu anh huong nhat dén kich thudc
thiét ké va do tin cay thiét ké may, sau do
1a thay doi tai trong. Su thay doi cac dai
luong kich thude it anh hudng dén do tin
ciy va trong mot sb trudng hop c6 thé bo
qua.

- Chuong trinh ty thiét 1ap RADME c6
thé img dung dé phan tich va tinh toan thiét
ké hé thdng truyén dong co khi.
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