CHUONG 8

CO SG PHAN TICH VA THIET KE
CHI TIET MAY THEO PO TIN CAY

Céc chi tiét co khi duge goi 1a an toan va dang tin cay khi gid tri
gi6i han theo chi tiéu tinh (d6 bén, ciing, bén mon..) vugt qua gia tri tinh
toan. Do dé, dé phan tich va thiét ké& trén co sé do tin cay cdc chi tiét
may doi hdi cdc hiéu biét vé ban chit ngiu nhién ctia do bén S (hoic do
cing, do bén mon..) va Ung suit L (hodc dd vong, lugng mon..) dua theo
c4ac dang héng chi tiét may va két cau.

Theo co sd tinh todn d0 tin ciy da trinh bay trong cdc chuong
truge va cdc so liéu trong cdc tai liéu chi ti€t may [32, 51, 53], trong
chuong nay ching toi gi6i thiéu co s¢ tinh toan thiét k& va phan tich cac
chi ti€t may theo do6 tin cdy. CAn cha ¥y rang trong nhiéu chi tiét khi phan
tich va thiét k& theo d tin cdy ching td6i xdc dinh theo hé s6 an toan
trung binh 1.

8.1 PO TIN CAY BO TRUYEN BANH MA SAT

Déi v6i bd truyén banh ma sat véi luc ép khong ddi. P& bo
truyén lam viéc dugc phai thda diéu kién khong trugt tron:

R = P(Fns=F.f > F) (8.1)
trong dé: F, - luc ép con lin (gid si 1a don dinh); f, F - gid tri trung binh
hé s6 ma sat f va luc vong c¢6 ich F tai diém giita vung tiép xdc.

DPiém phan vi phan phéi chudn:
. F,f-F __ n—1 (8.2)
JsE+sE a2vE v

Z1

=1

trong d6: n= FIE: - hé s6 an toan trung binh; Sy, SF, v, vr - tuong Gng sai

léch binh phuong trung binh va hé s6 bién phan cGa hé s6 ma s4t va tai
trong ngoai.

D6i véi bd truyén banh ma sat véi luc ép Fn diéu chinh
duoge, khi d6 luc ép F, ti 1& vé6i luc vong c6 ich F va hé s6 ti 1&é ¢ (F, =
ck).

X4c sudt khong trugt tron:

R = P[(cFf-F)>0] (8.3)
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Hodc R = P[F(cf-1)>0]

Piém phan vi phan phdi chudn:

7 =_ﬂ&__11 (8.4)

JS?+82

trong d6: S, = (@] Sg

_ _ N a N
> (F-1)Fv, va s, = (E‘ij S; =cFiv, .

8.2 PO TIN CAY BO TRUYEN DAI

Ung sudt tinh todn 16n nhat (bao gdm tng sudt kéo va udn) sinh
ra trong dai tai vi tri day dai bat dau tiép xic v6i banh dan:
F e
o=——
Ae“-1

trong d6: F - luc vong can truyén; A - tiét dién ngang day dai; o, - Gng

+0,+0, (8.5)

sudt udn trong dai trén banh dai nhd; oy - Gng sudt do luc ly tAm giy nén;
a - 14 goc trugt, gid tri 16n nhat cla ching bang géc 6m dai oimax = o1; f —
hé s6 ma sat gitta dai va banh dai, d6i véi dai thang 14 hé s6 ma sat qui
déi £ = f/sin(y/2) véi y 1a géc chém dai.

Gi4 tri trung binh va sai léch binh phuong trung binh ing suit:

_ F e _ o _
cs:X = 1+($v+(su (8.6)
e o
2 2 2 2
S ERIERT O RN
O ), o i, 0o, m,, oo, .

trong d6: S, Sr, Scaz va Soy - sai léch binh phuong trung binh hé s6 ma sat
f, luc vong F, Ging sudt uén va dng suit do luc cing phu gy nén.
Ta xac dinh giéi han méi cim ti phuong trinh duong cong méi:

N
Olim = Olim, IVFO (8.8)

trong d6: oy, - gifi han moi, tuong Ung s6 vong lam viée co s6 No; N -

téng s6 vong lam viéc cda dai; m - chi s6 mi.
Gi4 tri trung binh va sai léch binh phuong trung binh Ung suit
gi6i han theo do bén:

— _ N N
Olim = Olim, m ?0 va Solim = Si]imo + S% (8.9)
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trong d6: Soiimo - sai léch binh phuong trung binh ctia ing suidt gi6éi han

OCim

Climo biét dugc ti két qud thd nghiém méi cic day dai; S; = Sm

m

= Glim iz(ln%jsm - sai léch binh phuong trung binh, tinh dén d§ phan
m

téan cha chi s6 mi m.
Piém phan vi clia phan phdi chuin theo diéu kién bén cia day dai:

Olim —O

Z1= - (8.10)
2 2,02, a2
\/Sclim0+81 +S;+3;
_ n-1
B 2
) fo fo 2 2
1 |2 F ae“S; 1 e*Sg - 1 Ny 2 2
; Satimo + X(efai_ljz +[A(eﬂl_1) + (ShmF an Sm | +Seu +Say

8.3 PO TIN CAY BO TRUYEN BANH RANG

Céc dang héng chi y&u bd truyén banh riang la tréc rd bé mat
rang néu duge boi tron tot va gdy réng do mdi, tuong Ung véi viéc tinh
toan thiét k& va kiém nghiém theo chi tiéu bén tiép xic va uén. Do GHiim,
OF, OFlim V& oF la tich clGa cac dai lugng ngdu nhién, nén theo cong thiic
(7.16) ta dé dang x4c dinh dugc hé s6 bién phan cha chiung.

8.3.1 Tinh toan theo do bén ti€p xic

X4c sudt lam viéc khong héng Ry theo tiéu chuidn bén ti€p xic
dugc xdc dinh nhu la x4dc sudt ma khi d6 Gng suit tié€p xdc om tinh todn
nhé hon giéi han méi tiép xdc omim tic 12 Ry = P(cu<cHim).

8.3.1.1 Ung suAt ti€p xic on

Ung suét tiép xic on duge xdc dinh theo cong thic sau:

2T(u+1
oy =ZuZyZ, \/%ZLI)KAKHBKHQKHV ,MPa  (8.11)

w

trong dé6: Ka - hé sd tdi trong ngoai; Kup - hé s6 phan phoi khong déu tai
trong theo chiéu rong vanh riang; Kuv - hé s6 tdi trong dong; Kuo- hé s6
phan phéi khong déu tdi trong gitta cdc ring; d — duong kinh vong chia
banh ring, mm; bw - chiéu rong vanh riang, mm; u - ti s6 truyén; T -
moémen xodn danh nghia trén banh din, Nmm; Zy hé s6 xét dén &nh
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hudng co tinh vat lidu; Z. - hé so xét dén dnh hudng cta téng chiéu dai
ti&p xtc; Zu- hé s6 xét d&én hinh dang cia bé mait tiép xdc.

Cong thic (8.11) dugc viét lai:

4T
GH = ZMZHZS\/—Z KAKHﬁKHaKHV (812)
Ypadwl
. b 2b SRR
V6l Y, =—* = ¥ _ hé s6 chiéu rong vanh rang.
a, d(utl)

Gi4 tri trung binh clia ing suit tiép xdc:

— o — 4T — — — —
OH =ZMZHZe | ———KaKupKnaKnv (8.13)
Wpadwt

Cong thic xdc dinh hé s6 bién phan .

2 a2 a2 sty o Lo 1o 9 1o 1o (814)
v —\/VZM+VZH+VZ£+4VT+4VKA+4VKHB+4VKHQ+4VKHV+4Vd++4vu+4vwba

Sai léch binh phuong trung binh Gng suat ti€p xic:

S, =V, B (8.15)
Hé s Zm
He 55 x6t dén cd tinh vat lieu: Zy = \/ o M—
mE,(1—py)+Ejd-p3)]
Néu cip vat liéu la thép: Zy = E . theo bang 3.2
n(d—p?)

E =2,079.10° MPa, vg= 0,01 va p=0,298 va v,= 0,21 tu dé suy ra:

= 5
7. - J E J 207910°  _ )coag

w1-12) | 710298

2 2

- - @ + ﬂ 82
M =1 —2 E 53 u
4nE(1-p*) /n(l—u )

2 2
B 1 s 5 | 0,298y2,079.10° »=5.68
o N (2,079.10°.0,01)? +| === (0,298.021) )
7.2,079.10°(1-0, ) \Jm(1-0,298%)

Hé s6 xét dén anh huéng cia tong chiéu dai tiép xiic Z.:
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4-— . . . . .
Z:= 1/ 38“ vGi gq - hé s0 trung khép ngang cé gia tri tu 1,2+1,9 khi d6

= _ 12+19

€q > =155 va S =01167.

€q

19-12
6

Gia tri trung binh va sai léch binh phuong trung binh:

Z, =\/4_8“ =\/4_1’55 =0,0037
3 3

S, —— L s —— 1 01167-0012426
© 64-%, © 644-155
Hé s6 xét dén hinh dang cia bé mait ti€p xic Zy: Zy= |— ; v6i
sin2o,

ow 12 géc &n khép c6 gid tri trung binh oy, =20° va hé sé bién phan
Vo= 0,1
Khi d6:

- 2 2
e = =176
" \/sinZ(_xw \/sinz.zo y

. S, = Z.CLEQVQSQ . Z;LS“S(izo.o,lj:o,osss
" (sin2a,)’ ™ (sin40)° \ 180

Heé so6 Ka
Theo ISO thi Ka dugc xem nhu 14 mot hé s6 doc lap va duge danh
gia béi cdc chuyén gia nganh co khi, dua trén két qud thuc nghiém va van
hanh may khi gidi quyé&t cac bai toan dong luc hoc may.

N&u cho truéc Kamin v3 Kamax thi Kava Vg, €6 thé xdc dinh nhu

sau.:
IZA — KAmax ;_KAmin
SKA — KAmax ; KAmin (816)

Vg = S_KA — KAmax _KAmin
A Ka 3(KAmax + I(A min)

Hé so phan phdi tai trong theo chiéu rong vanh riang Kug:

Hé s6 Kup duge xac dinh theo cong thitc sau véi mién phan phéi
Kup 1a 2(Kyp - 1):
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2
Kyp :1+%KHW (8.17)

nm
trong d6: bw - chiéu rong vanh rang; Cx; - do cling riéng tong cong clia cip
rang ti€p xidc; y = yw + ya - géc Xoay tdng cong clia ring véi vy - géc xoay do
bién dang dan hdi ctia tat cd chi ti€t nhu banh ring, truc, 6 va ya - géc
xoay ring do sai s6 ché& tao; Kuw - hé so tinh dén kha n#ng chay ra cta

rang; Fum = EAF:I - luc vong tuong duong (v6i F*, la luc vong danh

nghia).
Sai léch binh phuong trung binh:
12 1
SKHB :EE(KHB —1):§(KH[3 _1) (818)
Tu day suy ra:
!KHB —1!
v, = b (8.19)
Kup 9K up

Hé s6 Kuav

Hé s6 Kugv xét dén anh hudng tdi trong dong clia chi tiét vi ti 1é
v6i do phan tén sai s6 A budc rang:

Kiv =1+ cX =1 + coJA (8.20)
trong d6: c - hé s6 ti 1é thuan vé6i van toc vong, khoi lugng qui d6i va ti 1é
nghich vé6i tai trong riéng dugc truyén; ¢ - hé s§ tinh dén dnh hudng qua
trinh chay ra va tai trong dong dén do bén mai.

Hé sb bién phan vy ciia hé s6 Kgv nhé hon hé s6 bién phan vy cia

Kav -1 _,
tai trong dong phu % lan:
HY
_ Kny -1
YKy = Knv "

Hé s6 vy dugc xac dinh theo biéu thic sau:

vV, = ,/V(zp +(0,5VA)2 (8.21)

HV
trong d6 va la hé s6 bién phan sai s6 bu6c ring A va v, 1a hé s6 bién
phan cta o.
Hé s6 bién phan v, xdc dinh theo cong thiec:
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_ 2(Pmax ~ Prmin) (8.22)
3’5((Pmax +(Pmin)
Khi d6 rdn bé mit H > 350 HB (¢ = 0,75..0,5 va v, = 0,114):

?

Kuv -1
Viy ~ 017 —2¥ (8.23)
Kuv
Khi d6 rdn bé mit H < 350 HB (¢ = 0,5..0,25 va v, = 0,19):
Ky -1
Viy 70,232 (8.24)
Knv

Hé s6 xét dén sy phan phdi khong déu tai trong gitta cac ring
Kaq

Gié tri trung binh hé s6 Kue d6i véi banh ring tru rang thing
cho trong bang 8.1.

Bdng 8.1
, 1. ax C4ap chinh x4c
D6 ran banh dan va bi dan

5 6 7 8 9

H:>HB300 va Ho>HB350 4—¢

= 0,8 0,9 1 1

3

H: < HB350 hoac H2< HB300 4—¢g, 4—¢,
3 2 0,8 0,9 1

Déi véi banh rang tru ring nghiéng:

Ko = [(0,942 ~0,002v)+(0,058 + 0,005v)1,4“*6] (8.25)
€

o

trong d6: n 1a cAp chinh x4c; v - van téc vong, m/s; e« - hé s6 trung khép

ngang.
Hé s6 bién phan dugc xac dinh theo cong thiec:
K. —
Vi, _ Ko m00) | (8.26)
KHOt

trong d6: ang. - dai luong giéi han, phu thudc vao hé s6 trung khép; buo -
hé so ti 1é, phu thudc vao tdi trong riéng dugc truyén, do cing, chay ra
rang, hé so trung khép; A - sai s6 budc ring.

Néu gia tri Kua tinh todn 16n hon 1 thi ta 14y Kuo =1, néu nhé hon
Kpomin thi ta 18y Kuge = Kaomin.

Néu 1 > Kuo > Kiomin thi cdc hé s6 age = 0,55 va va = 0,25.

8.3.1.2 Giéi han méi tiép xdc oniim

Gi6i han méi ti€p xic omim dugce x4c dinh theo cong thiec:
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0
Ohiim = OHimKHLZRZvK Kxy (8.27)
trong d6: Zg - hé s6 dnh huéng do nham mit riang; Zv - hé s6 d4nh huéng
van toc vong; K - hé s anh huéng diéu kién boi tron; Kxu - hé sd anh
huéng kich thuéc rang; Kur - hé s tudi tho; cﬂ”m- gia tri giéi han méi
dai han ctia mau thu;
Cong thic (8.27) duge viet du6i dang sau:
0
Otiim = OHlimZRZVE KxuKu (8.28)

Gi4 tri trung binh giéi han méi ti€p xdc xdc dinh theo cong thic:
Stilim = OflimZR Zv K KXt KHL (8.29)

Mait khéac G, c6 thé xdc dinh theo cong thic:
50 =K, aH+b) (8.30)

Hlim
trong d6: a, b - 14 cdc hiing s6 doi véi thép thuong héa hoic toi cdi thién a
=2va b =70; H - gid tri trung binh do rin bé mit rang; K, - hé s xét
dén mAu th.
Néu do rdn bé mat cho gid tri Hmin v Hpax thi khi dé:

ITI: Hmax +Hmin (8.31)
2
Heé s6 xét dén mAu thit K, duge xdc dinh theo cong thic:
K=o (8.32)
1+zv
O Hlim

L W Y N 5 o e o . N 5 = *
trong do6: Vo - hé so bién phén cta gi6i han méi dai han cia mau; z,

Hlim
- diém phan vi phan phéi chuidn, phu thudc vao xdc sudt lam viéc khong
héng ciia mau thit khi xdc dinh giéi han méi.

Gi4 tri hé s6 bién phan cda giéi han méi dai han: v, = 0,08 =
Hlim

0,1 (d6i v6i cdc rang duge toi bé mit) va v, = 0,10 = 0,12 (d6i vé6i cac

GHlim
rang dugc ting bén bé mat).
Gia s khi thit nghiém xac suit lam viéc khong héng 0,5 va do d6

z, = 0. Néu xdc sudt lam viéc khong héng 0,8 + 0,9 thi diém phan vi
Z: =- (0,84 + 1,08). Hién nay néu tinh x4c suit lam viéc khong héng la

0,9 va 0,99 thi gid tri z, sé bing -1,28 va - 2,32.

Tt cong thic (8.28) suy ra hé s6 bién phan gidi han méi tiép xic:

_ 2 2 2 2 2 2
VGH“m _\/chum +VZR +VZV +VK[ +VKXH +VKHL (8.33)
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Sai léch binh phuong trung binh ctia giéi han maéi tiép xdc:

GOHlim = VUHlimaHlim (834)
Khi tinh todn thi€t k& hé s¢ bién phan gi6i han méi v, 6 thé
xdc dinh gan ding theo cong thiic:
= Vo, ) +0° (8.35)

OCHlim SHlim

Xdc suit lam viéc khéong héng clia banh réng tru phu thudc vao

diém phan vi z; duge xac dinh theo cong thic:

Oylim — O ng -1
7= = H (8.36)
=2 2 2
\/Scmim +SGH \/nHVGH“m +VGH

Hé s6 an toan ny theo tng suat trung binh:
fiy = Hlim (8.37)
OH
Dé gidi bai toan thi&t ké&, nghia 1a tim gia tri duong kinh d, khi
d6 fyva v2 1a ham s§ cia d. Thay thé cac biéu thic fyva v2  vao
H H
(8.36) va rut gon:
Z2(MpvE, v )= (T -1
Tu day suy ra:
—2. 2 2 — 2,2 _
ny(zv -D+2ny +zivg, —1=0 (8.38)

CHlim

Giai phuong trinh trén ta tim dugc ny, sau dé theo cong thic

(8.37) ta tim dugc oy =%, ti phuong trinh (8.13) ta tim dugc d:

ny
ZmZuZs | 4T
d= ML | 20 KaKupKuaKnv (8.39)
OH YpaU

8.3.2 Phan tich va thiét ké& theo ddo bén uén
8.3.2.1 Ung suét udn or

Ung sudt udn or sinh ra tai chan rang dugc xdc dinh theo cong
thic:
| 2TK KK poKrpy
N b, dm,

oF YrY;Y,, MPa (8.40)
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trong d6: T - gi4 tri momen danh nghia trén banh ddn, Nmm; bw - chiéu
rong vanh réng, mm; d; - duong kinh vong chia banh din, mm; m, -
modun phdap, mm; Yr - hé s6 dang rang; Ys— hé s6 xét dén dnh hudng géc
nghiéng rang, véi rang thing gia tri nay bang 1; Y. - hé s6 xét dén anh
huéng cta trung khép ngang, véi ring thang gid tri nay bang 1.

Thay b, =wy,,,m, vao cong thic (8.40) ta co:

YrY,Y (8.41)

Gi4 tri trung binh Gng suat udn:

2TZ2KAKF[3KF0,KFV —

OF —
Yomd

Céc dai lugng momen xodn trén banh din, dudsng kinh vong chia
banh dan, hé s6 tai trong 1a cac dai luong ngiu nhién.
Hé s6 bién phan tng suit uén dugc xac dinh theo cong thic:

_ (2. .2 2 2 2 2 2 2 2 2
- —\/VT + Vi, TV F Vi T Vi, FVY, FVY, VY, TV, VG (8.43)

Sai léch binh phuong trung binh Gng suat udn:
S, =v_ &y (8.44)

Gia tri trung binh EFB x4ac dinh theo cong thic:
Krp =1+(1_<23 —1)KFW (8.45)

trong d6: 122,3 - gi4 tri hé s6 Krp trong giai doan lam viéc ban dau (chua
tinh chay ra); Krw - hé s6 xét dén chay ra rang.

Heé so Egﬁ dugc chon phu thudc E%Bvé hé sd chiéu rong vanh
ring ym = by/m theo tiéu chudn. Cac hé s6 Krw tra bang theo tiéu chuian
hoac cho trudc.

Gia tri trung binh ctia hé s6 Kr xét dén 4nh hudng tii trong
dong phu thong thuong dugc cho trudce.

Gia tri trung binh Kr. xét dén sy phan phdi tai trong khong
déu gitta cdc rang dugc xac dinh theo cong thiec:

- P6i v6i rang thing:
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Kra = 04240582 (8.46)
Fm

trong d6: Frm - luc vong quy uéc bang luc vong F*p, nhan cho cdc hé s&
RA, RF[}, RFy; A - gid tri trung binh sai s6 buéc rang.
- DB6i vé6i rang nghiéng:

Ko o A+(ea-1)(0-5)
de

trong d6 n - cAp chinh xac bd truyén.

(8.47)

o

N&u hé s6 Kr, tinh theo cdc cong thic trén néu 16n hon 1 thi ta
14y gia tri Kre = 1. N6u Kre nhd hon Kremin thi ta 14y Kro = Kgamin. Theo

ISO thi Kromin = 0,25 + 0,75i.
€

a

8.3.2.2 X4c dinh gia tri giéi han méi uén
Gi4 tri giéi han moéi udn o, duge xdc dinh theo cong thic:
OFlim = G(F)'limKZKFLYRYxYBKFC (8.48)

trong d6: 6 Fmin - gid tri gidi han méi ctia mAu thi thong thudng 1a banh

rang c6 médun m = 3 mm; Kz - hé s6 xét d€n anh huéng cla sd rang cha

6
banh dan; Kpr, - hé s6 tubi tho: Ky = k0 _ ) 410 (m c6 gia tri bing 6
Ngg Ngg

hosc bing 9); Krc - hé s6 xét dén 4nh huéng khi quay hai chiéu dén do
bén méi: Krc = 1 khi quay mot chiéu, Krc = 0,7+0,8 khi quay hai chiéu; Yr
- hé s6 xét dén anh hudng cia ddo nham: Yg = 1 khi phay va mai riang, Yr
= 1,05+1,2 khi ddnh béng; Yy - hé s6 kich thuéc: khi toi bé mit va tham
nito Yy = 1,05 - 0,005m, d6i véi gang xam Yy = 1,075 - 0,0lm v6i m 1a
modun ring; Ys - hé s6 d0 nhay vat liéu banh réng dén su tap
trung tai trong: Ys = 1,082 - 0,172lgm v4i m 1la médun rang.
- D61 vé6i thép thudng héa hodc toi cai thién:

oRim = 1,8HB (8.49)
- D61 v6i thép tham Carbon va Nito-Carbon:
o2 = 800900 MPa (8.50)

D& xdc dinh gid tri trung binh ofin ta nhan og;im cho hé s& K, nhu

trong truong hop tng suit tiép xic, nghia la:
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K, = 1

= e (8.51)
1+z;v

0

GFlim
Hé s6 bién phan cia giéi han méi ring cd sé (m = 3mm):
- Thép thutng héa va toi cai thign v3 = 0,08+0,1

P At LA g 0
- Thép toi tan so cao - vg

=0,1:0,14
- Thép thdm Nito v) = 0,1+0,12.

Cong thic xdc dinh gid tri trung binh giéi han méi uén G, :

— 0 T Y SO w
GRiim = Orim KzKpL Yr Yy YsKpe (8.52)
Hé s6 bién phan giéi han méi uon xdc dinh theo cong thie:
_ (2 2 2 2 2 2 2
_—— \/vcgnm +Vk, TV, TV, TVY TV, VK (8.53)

Su phan tén gi6i han méi cta banh rang dugc danh gia béi hé so
bién phan Vo tinh theo su phan tdn giéi han méi cae rang trong banh
rang va giira cac banh rang véi nhau.

Khi tinh todn thiét k& c6 thé xdc dinh v, theo cong thic sau:

Voo = \/(azvgpﬁm )2 +0,14? (8.54)
Hé s6 Kz va az duge xac dinh nhu sau:
Kz=1- pvgmm ;a, = Ki (8.55)
z
trong d6: p va ¢ - gia tri tra bang 8.2.
Bdng 8.2
S6 lugng miu th 0 € S6 lugng miu tha n g
17 1,79 0,04 60 2,32 0,45
20 1,87 0,52 100 2,51 0,43
40 2,14 0,48 200 2,75 0,40
50 2,23 0,46 500 va 16n hon 3,04 0,37

Gia tri cac hé s6 Kz va az d6i v6i s6 rang z = 20+-100, phu thuodc

vao 62, (gid tri Kz va az nhé tuong Gng véi s6 rang 16n) nhu bang 8.3.

Bdng 8.3

0
VO 0,08 0,1 0,12 0,14
Kz 0,85 + 0,80 0,80 + 0,75 0,77 + 0,70 0,75 + 0,65
oz 0,62 + 0,54 0,65 + 0,57 0,68 + 0,60 0,70 + 0,66

Xac suiat lam viéc khong héng (phan tich do tin cay) khi tinh
toan theo do bén udn sé bing:
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nr -1
7 =——— 72 (8.56)
—2 2 2
nFVGF]im +VGF

trong d6 nr - hé s& an toan theo gid tri Gng sudt trung binh.
g = % (8.57)
OF
Dé giai bai toan thiét k&, nghia 1a tim gia tri dudng kinh d, khi
d6 Teva v la ham s6 cia d. Thay thé cdc biéu thic Teva v2  vao
(8.56):
z;(Mgve  +va ) =(Tp -1’
Tu day suy ra:
np(zfv2 =D +210g +ziv2 —1=0 (8.58)

OFlim

Giai phuong trinh trén ta tim dugc N, sau d6é theo cong thiic

(8.57) ta tim dugc Of = OFim phuong trinh (8.42), chon trudc s6 ring

F

z, ta tim dugc d:

— e — — -
a_3\/2TZ KAKFﬁKFOLKFV— —

- YrYpYs (8.59)
YbmOF
Hoéc theo cong thic:
— 2TZK A\ KpsKp Kpy — — —
d=3\/ ATFB RO Y EYpYe (8.60)
YbdOF

8.3.3 D tin cay bd truyén banh ring trong trudng hop tong
quat

Ta xdc dinh xdc suit lam viéc khong héng R cia bo truyén banh
rang nhu 1a tich xac sudt lam viéc khong héong theo cac tiéu chuin riéng
biét. Poi v6i da s cac bd truyén banh ring, ma & d6 dang héng do mdi 1a
phd bién nhat, xdc sudt lam viéc khong héng sé bing:

R = RuRr (8.61)
trong d6: Ry, Rr - xdc sudt lam viéc khong héng theo tiéu chuidn bén méi
khi ti&€p xdc va khi uén.

Phép nhan don gian cdc xdc sudt nho vao tinh tuong quan theo céc
chi tiéu khac nhau ctia kha niang lam viéc dan dén viéc gidm xdc sudt lam
viéc khong héng. P& tinh todn chinh x4c hon, x4c sudt lam viéc khong
héng dugce gidi thiéu tinh theo su phu thudc gan ding du6i day:
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1 B!
—= — _(n-1 (8.62)
= ;Ri (n-1)
trong d6: R; - Xac sudt lam viéc khong héng theo tiéu chudn thd i; n - s
cac chi tiéu tinh.

Vi du, néu Ry = 0,99086 va Rr = 0,99379 thi theo cong thic (8.61)
R = RgRr = 0,984707. N&u ta tinh theo cong thic (8.62) sé cho ra két qua:

l:LJrL_(n_l): L, -(2-1)
R Ry Rp 0,99086  0,99379
=1,015473115

Tu day suy ra: R = 0,98476.

8.4 PO TIN CAY CUA TRUC

Truc phdi théa man diéu kién do bén, do cing, d0 bén mon va do
on dinh dao dong. Theo diéu kién bén, d6i v6i cdc truc quay nhanh thi
gi6i han moéi c6 y nghia quyét dinh. Tinh todn d9 tin ciy cla truc la rat
cin thiét vi tdi trong 12 ham ngiu nhién theo thoi gian va giéi han méi
ciing thay d6i bdi vi vat lieu dé ché tao truc c6 tinh khong dong nhat. Pha
hily do méi chiém tir 40+50% céc hu héng cia truc. Khi qua tai dot ngot
thi truc ché tao tir thép thuong héa va toi cai thién cé thé héng do bién
dang déo quéa 16n, vat liéu tir vat liéu gion va it déo - phd huay gion.

f fo) 6

X&c suat

hong | /
|
L | ~

0 Mg, Mg DAY
r

a r

Hinh 8.1 Puong cong mdt dé phdn phdi bien dé ung sudt o, va
gid1 han méi o,

Dic diém cha tinh toan d6 bén méi ctia truc la su quan hé l4n
nhau giifa Ung suidt uén va Ung suat xoan thay d6i theo cac chu ky khéac
nhau (ing suat uén theo chu ky d6i xiing, Gng suit xoin theo chu ky mach
dong) va theo chiéu doc truc tai cdc miat cit nguy hiém.
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Tai trong tdc dong 1én truc la tai trong trén banh riang, banh dai,
dia xich, khép noi (do khong ddng truc)... va ta xéc dinh cdc phan luc tac
dong 1én truc tai cdc 6 truc. Diém dit luc phu thude vao két cau 6 truc.

Trén d6 thi hinh 8.1 1a cic dudng cong phan phdi gi6i han méi
cda chi tiét o, va bién do Ung sudt c.. Cdc dudng cong nay giao nhau, cé
nghia 14 hién tugng héng héc c6 thé xay ra.

Gidi han mdi chi tiét theo Gng sudt phap va Gng sudt tiép lién
quan l4n nhau va hé s6 an toan o, thong thudng nhé hon nhiéu so véi
n;. Do d6, hé s6 bién phan gidi han moéi cta chi tiét c6 thé 14y theo hé s&
bién phan clia giéi han moéi theo tng suat phap.

D6i véi truc c¢6 nhiéu viung cé su tdp trung Ung sudt, phan phoi
theo chiéu dai truc. Thong thudng danh gid do tin cdy tién hanh theo
mot ving nguy hiém nao dé. Xdc sudt lam viéc khong hong cia truc bing
tich cdc xdc sudt lam viéc khong héng tai cdc vung nguy hiém:

R = [ JRi (8.63)
1

Doi véi truc truyén dong néu khong cé luc doc truc thi chi c6 bon
trudng hgp nhu hinh 8.2. Khi tinh todn ta tién hanh tai tiét dién nguy
hiém cta truc theo gid tri mémen tuong duong:

M,y =M% + M2 +0,75T? (8.64)

Sai léch binh phuong trung binh cia mémen tuong duong:

2 2 2
SZ z(aM[dj SZ +(6Mtdj SZ +(6Mtdj S%‘

My oMy ] Mx (aMy ) My ar

(8.65)

2 Q2 2 Q2 2 a2

- MXSy +MYSy +(0,75T)*s%

M% +M% +0,75T>
Ung sudt tai vi tri banh ring:
2 2 2

_32)M§ +M{ +075T” _ 32m,, 8.66)

nd® nd®
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Il >

OX

ﬂ X X
Fo| Fo o
a | b a b
I -

| -
a) F,; va F,s nguoc chiéu b) F,; va F,s cung chiéu

F
F
A Fu F, ﬂ t ' F Fa B
o e
Fr2

S I S

¢) Fr; va Frs nguoc chiéu d) F.; va F,s cung chiéu
Hinh 8.2
Gi4 tri trung binh va sai léch binh phuong trung binh (ing suit
tuong duong:

|l >

ll|©@
X

Mg = /M2 + M2 +0,75T? (8.67)
MZs? +M2s?  +0,75T°s%
St = MX MY (8.68)
My
vmid = Sma My (8.69)
Gi4 tri trung binh cl@ia (ng suit udn:
G= 3211/[;‘1 (8.70)
nd

Sai léch binh phuong trung binh Gng suat:

2 2 2 2
sg:(aij ]s§4+%] (%) st ()5t em
td

Cong thiic x4c dinh hé s6 bién phan Vo, !

Vg = VI%/Ild +9v§ (8.72)

Sai léch binh phuong trung binh tGng suit tiép:

176



Co sé phan tich va thi€t ké& chi ti€t mdy...

S =v_o
c O

(8.73)

Cong thic xac dinh mdémen tuong duong va sai léch binh phuong

trung binh x4c dinh theo cong thic trong bang 8.4.

Bdng 8.4 Céng thiic xdc dinh mémen va sai léch binh phuong trung binh

Truong Mx, My va M Shix, Smy
hop
Hinh Tai C s - (-a) 252 +£3252 . aF,, 252
MxC 1 Frl 12 Fr2 1 b
8.2a Mo, - Fri(1=2)+ Fiob ' 2
S T (Fat=2r Rt | (Faaab Vs
1 a 2 !
Fi(1—a)-F,b
MYC:%EI §2 =(ﬂ)zsl +ﬁazsz +(3thjzsz
MyC 1 Fip l2 o2 1 b
2 )
Eq(-2)+F,b Fy(1-2)-Fpb N
M¢d=‘/( 1 T 2 u] +( il ‘: 12 a) +0,75T2 +(wjlsz +(F“L2F-ZbaJ s2
a ] :
Tai B S§4XB=S§2b2
MXB = r2b; MYB =Ft2b S2 _SZ bZ
MgB = °F,,
Mg = (Fepb)? + (Fiob)? +0,75T2
Hinh Tai C s? =[@J252 LA +(3Fr2 )zsz
T 2 -
8.2b M = F. (1-a)-F,b MxC 1 F; 1 Fr2 1 ) N
S B o (Fat=2= ) s2+[waj $
a 2
p— {1 o)
2 2 My€ Fu 1 Fi2 b
_ [ Ea-2)=Fsb Fy(1-a)+ Fyb )
Mldc_\/( 1 a] +[ 1 a] HOST +(Ft1(1—2:l)+thbjzsz +[Ftla—2F:z"a] 52
. 1
Tai B S§4X3=S%2b2
Wy Prals Vv = Fiab S2 . =S2 p?
MXB - FtZ
Migp = \/ (Fy2b)? +(Fizb)? +0,75T2
Hinh Tai C s2 ‘ =(@JZSZ +§3252 +(aFr2 )252
8.2¢ _Fa=a)-Fgb_ eS0T ) T T e T

M
XC 1

_Ful-a)+Fyb
- 1

2 2
My = \/(Frl“-i:’-Fﬂ"aj +[Fu(l—al)+l‘]zbaJ L07sT?

Myc

+[Fr1(l—23)—

MyC

1

2 2
s? =(7("“)a) 52 FLEIC +(—”‘F‘2J s?
t1

2 2
FerJ SZ+[Fr]a"l'Fr2ba] SZ

12 Fiz 1

b

2 2
+(Ft1(l—23)+Ft2bJ SZ+[Ftla—F‘2baJ 5.2

1

12
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Tai D
F.1(1-a)-F,
MXD = l‘l( 2;) l‘zbb
F;(1-a)+Fb
Myp = 1 2;) ©b

F.,(1-2)-F.,b
Vg = J( =0t

2 2
b] +[F“(l' *;)J'F”" bj +0,7512

2
s? = (1-a)b §2 +b—b252
- i )2 Fr2
2
4 bF,; s? 4 Fa+F,;b b Sz
1 a 12
[( a)bJ bzsz .
Myb m Fi2

2
(bFuJ S2+[F¢1d Fipb J 2
1

2
+[Fr1(l—ai—2bFr2J )
b

2
(Fu(l-a)+2hF,2J g2
1 b

a

Hinh
8.2d

2 2
- J[Fn(l—a;w,zbb] +[F11(1—2;)—F12b h] vorstt

. 2 2 2
- F,
Tal C Sil c =((l la)aj Sf‘l +bTalsi 2 +(a lrz) Si
Mer. < Fr1(1=2)+ Fppb * ! ]
XC = 1 a +[Fr1(l—23)+Fr2b] s2 +[Frla—Fr2ba] s2
1 a 12 1
Fi1(1—a)—F;,;b
MYC = 711( ) t2 a 2 2 F 2
1 g2 [d=maY'oa BT o faFp ) o
; 5 MyC 1 a2 Fi2 1 b
_ [[Fq0-2)+E,b ) (Fu(l—a)—thb J a2 2
Mygp = a| + a| +0,75T 2
"m \/[ 1 1 L[Fu-2a)-Fpb)" o (FuatF,b ",
1 a 12 1
Tai D & =[<l—a)hjzsz L +(Fr1(l—‘d)+2hFrzjzsz
g MxD 1 k12 Fr2 1 b
F. (1—2a)+Fzb s 2
Mxp =%b +[b]:r1j Sz+[Frlal—2Fr2bbJ 512
Mo - Fud=2) —Fpb - @ f0=abYo b oo (Ful-a)-2bF, Ve
YD 1 MyD 1 Fu o )2 Ft2 1 b

2 2
+ [bFu J s? 4 [Fud;;F:zb bJ S]Z

Gi6i han méi o, duge xac dinh theo cong thic:

O:8oP
K

(e

Olim = Ky

(8.74)

trong d6: o, — gi6i han méi xac dinh bing con duong thuc nghiém trong

diéu kién phong thi nghiém;
cia bé mat gia cong chi tiét; Ky, -

Sut.

- hé s6 kich thudc; B -
hé s3 tudi tho; Ko -

hé s6 4nh hudng
hé s tap trung Ung

Gia tri o, duge x4c dinh theo gi6i han bén oy,

Khi uén Khi chiu luc kéo (nén) Khi x04n
0,501 0,450 0,296y
Gi4 tri trung binh giéi han méi:
Slim GrKgB KL (875)
(o)
Hé s6 bién phan giéi han méi:
Vo = \/Vi + vg + vic + vé + VZKHL (8.76)
Sai léch binh phuong trung binh:
oim Vo, Glim 8.77)

Theo Marin [42] gigi han mdi &, xac dinh theo cong thic:
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Olim = Grkfkskrktkmke (878)
Céc hé sb cong thic (8.78) dugce xac dinh nhu sau:
or = § Gy, - gi6i han bén méi vat lidu.

vGi: oy - gi6i han bén kéo vat liéu

¢ - hé so ti lé, gia tri trung binh hé s6 ti 1é 6 xac dinh nhu sau:

Khi uén Khi chiu luc kéo (nén) | Khi xoén
0,5 0,45 0,29
Hé s6 bién phan v, duge xac dinh:
Khi udén Khi chiu kéo (nén) Khi xodn
0,146 0,309 0,269

Trong mot s6 trudng hop chua cé so lieu day dda thi hé so
bién phan giéi han bén vat liéu ve, c6 thé chon trong khodng
0,03+0,04 véi thép thuong héa va toi cai thién ve, = 0,05+0,07 doi
vG6i thép toi tang bén bé mit.

ks — hé s6 hiéu chinh, xét dén 4nh hudng cia chat lugng bé mat;
ke = ec}, (8.79)

Vi oy, - gidi han bén kéo cia vat lidu; e, f - hé s6 theo bang 8.5.
Béng 8.5

Phuong phap gia cong He st e S6 mii f
Mai 1,58 -0,085
Gia cong cat got hoac kéo ngudi 4,51 -0,265
Can néng 57,7 -0,718
Khong gia cong 272 -0,995
Gi4 tri trung binh hé s6 k¢ = e 5, (8.80)

Hé s6 bién phan: vir = 0,098 — kéo néng; vir = 0,078 — rén; vir =
0,131 — mit nén; vir = 0,060 — bé mit gia cong cit got.
ks — hé s6 xét dén dnh hudng kich thuéc;
ks=1néud <8 mm
ks = 1,189 d®'2 néu 8 mm < d < 250 mm (8.81)
Hé s6 bién phan vis = 0.
ki — hé s6 xét dén 4nh huéng cia nhiét do:
ki = 1 khi nhiét o lam viéc t < 21,1°C (8.82)
ki = 1,108 khi nhiét d6 lam viéc t < 204,4°C
km — hé s6 xét dén dnh hudng khac. Hé s6 nay phu thudc vao: ing suat du
hién c6 trén chi tiét; ban chat méi truong &n mon ma chi tiét dang
lam viéc...
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Hé s6 bién phan cia cic hé s§ k¢ va kny tiy vao trudsng hop cu thé
dugc cho truée, khong c6 cong thic tdng quat dé xac dinh céc gia tri
nay.
ke — hé s6 xét dén anh huéng clia su tdp trung Ung sudt va cda ranh, hé
s6 nay duge xdc dinh theo cong thiic sau:
ke= — (8.83)
K
v6i Kr goi 1a hé s6 gidm do bén méi, gia tri ctia hé s& nay phu thudc
vao dang va kich thuéc ctia su tap trung Gng sudt trén chi tiét. K
duge xac dinh theo cong thic:

- K (8.84)
Lo
1,10 (K, -DJa
Jro K,
trong d6:

35 461 voi 16 sust
Obk

Ja =128 46i v6i bé mat chuyén tiép(vai truc) (8.85)
Gbk
2L 46i voi ranh vong
Gbk

Don vi clia opc 12 MPa, K; 12 hé s6 tap trung tng sudt hinh hoc; r
— 1a ban kinh ranh, mm.
Hé s6 bién phan ctia hé s6 Kr 1a vr va c6 gia tri nhu sau:
011 doi véi 16 sudt
vp =40,08 ddi v6i vai truc (8.86)
013 ddi v6i ranh
Ngoai ra néu ta biét ro diéu kién thuc nghiém tim giéi han méi thi
cong thic trén thém vao k, — hé s6 xét dén anh huéng do tin cay, dugc
xdc dinh theo bang 8.6.

Bdng 8.6
X4c suat con kha ning lam viéc, % 50 90 95 99 99,9 99,99
ke 1,00 0,90 0,87 0,82 0,75 0,70

Néu s6 chu ky lam viéc tuong duong Ng < Ny thi trong cong thic

A A ~ A ~ A N s g ~ ~ 9 e
trén ta thém vao hé sé tudi tho Kp=m— v6i m - s6 mii dudng cong mdi.

E
Gia tri trung binh G, va hé s6 bién phan v, dugc xdc dinh theo cong
thic:

C_flim = Ef Es kr kt km Ee (I_) (_Tbk (887)
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Volim =\/Vﬁf FVE Vi Vi VL + Vi +v$ (8.88)
Su phén tén clia gi6i han méi chua dugc nghién ctu day da. N6 doi
héi phai tdng s6 thit nghiém can thiét dé dat dugc két qua dang tin cay.

X4c sudt lam viéc khong héng ctia truc phu thudc vao diém phan
vi z1 dugc xdc dinh theo cong thdc:

Gy — G i-1
2= _ (8.89)
\/Sf,]im +Sfy \/ﬁzvéum + v(2T
trong d6 nu - hé s an toan theo Gng sudt trung binh n =220
(e}

Dé giai bai toan thiét ké&, nghia 1a tim gia tri trung binh duong
kinh d, khi 6 @ va v21a ham s6 cia d. Thay thé cdc biéu thic 1 va v2

vao (8.89) va gidi phuong trinh theo 0 .

2,22 2 2\ _ = 2
Zl(l’l Vou, T Vo )y=(m -1

suy ra: ﬁz(zfvf,“m -D+2n+ zfvcz, -1=0 (8.90)
Giai phuong trinh trén ta tim duge @, sau d6 ta tim duge o= Olim
n

tir phuong trinh (8.70) ta tim dugc d:

d= s/g’fg—tdﬁ (8.91)
lim

Dé danh gia do tin cAdy bo truyén banh ring ta st dung cong thic
(8.79).

8.5 PO TIN CAY O LAN

Xéc suat lam viéc khong héng 6 lin:

RL =P (QLY™< C) (8.92)
trong d6: Q tai trong dong quy uéc; L - tudi tho tinh bing triéu vong quay
cho truée; m - chi s6 mii c6 gia tri bang 3 d6i v6i 6 bi va bang 10/3 dsi véi
6 diia; C — kha nang tai dong cta 6.

6} day ta khdo sat Q nhu 12 mot dai lugng ngiu nhién. Kha ning
tai dong ctia 6 v6i xac suat lam viéc khong héng 90% ta ky hiéu Cg.

Quy luat va cdc thong s6 cia su phan phoi tudi tho cia 6 theo ISO
dugc xac dinh theo phan phoi Weibull:

LJ 1n0,9

R, = e(Lg0 (8.93)
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trong dé: Lgo - tudi tho khi xdc sudt lam viéc khong héng 1a 90%; a -
thong s6 hinh déng ctia phan phoi Weibull lién quan dén su phan phoi
tudi tho (theo tiéu chuidn o = 1,5).

Hé s6 do tin cay a:
Ti s6 L/Lgo ngudi ta goi la hé s do tin cdy a1, duge xac dinh:

a
InR; = (LJ In0,9 =a; In0,9
Lgo

v6i ay = =g/ IRL (8.94)
Lgg In0,9

Gitta L va kha néng tai dong C ¢6 quan hé:

L =[ ¢ j (8.95)

Log \Coo

Cho nén:

C
=m— 8.96
a; "Cgo ( )

Tir su phu thudce gitta C va Ry, ta thay ring kha ning tai dong ciing
nhu tudi tho phan phoi theo phan phéi Weibull. Tuy nhién trong tinh toan
ky thuat ta c6 thé xem phan phéi cia khd ning tdi dong gan véi phan
phoi chudn, vi khi d6 tinh todn xdc suit sé don gidn rat nhiéu.

Gia tri trung binh cda kha ning tai dong C

Dé x4c dinh gi4 tri trung binh ctia khd ning tii dong c tuong Gng
v6i kha nang tdi dong khi xdc suat lam viéc khong héng 0,50 ta gdn Ry
= 0,5. Khi dé:
1 1
)“‘“ Cop = 6,58%m Coy

Y _ (mo,s
In0,9
- P8iv6idbi o=15m=3,suyra C = 1,52 Coo
- P6ivéis diaa=1,5; m=10/3, suy ra C = 1,46Coo
Sai léch binh phuong trung binh cia kha ning tdi dong S, xdc
dinh theo hiéu s6 cia diém phan vi tuong Ung v6i xédc sudt 50% la C va
90% la Cgo nhu sau:

7, = _C-Cq (8.97)
Se
Suy ra: S, = —% (8.98)

trong d6 1,28 - diém phan vi cia phan phoi chuin tng véi xdc sudt 90%.
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Hé s6 bién phan cia kha n#ng tai dong:

&3
S\ ¢) (8.99)

V.= =

‘¢ C 1,28
Né&u thay th C = 1,52Ce vA C = 1,46Cq ta c6 hé s6 bién phan
cia kha ning tai dong vc = 0,25 doi véi 6 diia va v. = 0,27 doi vé6i 6 bi.

Xac suit lam viéc khong héng

Gia st rang kha ning tai dong C va tai trong dong quy udc Q
phan phdi theo quy luat chudn hodc gan véi quy luat chudn. Khi dé xac
sudt lam viéc khong héng ta xdc dinh theo diém phan vi cia phan phoi
chuén:

2, = —_2“;1 (8.100)
nvE +v5

trong d6: n - hé s an toan theo gid tri trung binh; vc va vq - hé s6 bién
phan cia kha ning tai dong va tai trong dong quy udc.

Hé s6 an toan n dudc xéc dinh nhu sau:

C

—aLl/m (8.101)

n=
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C - gid tri trung binh ctia kha nang tai dong; Q - gid tri trung binh cla tai

trong dong quy uéec.
- D41 véi 6 bi:
152Cq,
QL3
- Déi v6i 6 dia:
146Cqy, .
Q103

n

n

Trong trudng hop téng quat, tinh toan chon & lan xét dén su thay

Chuong 8

d6i cac dai lugng ngdu nhién dugc tién hanh theo trinh tu sau:
1. Xac dinh luc tdc dung 1én chi tiét truyén dong.

2. Truc truyén théong thuong c6 3 doan, cong thiic xdc dinh tdi trong tac
dung 1én hai 6 tai A va B va sai léch binh phuong trung binh theo bang

8.7.
Bdng 8.7
Truong Gia tri trung binh luc Phuong sai luc
hop tac dung 1én & tac dung lén &
~ . A\2 2 2
Hinh | Tai A R T SRR EN
8.2a F,(1-a)+Fyb M mo A
Foy=——7—— 2 2
1 o E S2 4 Frla*Frzbj 2
.. Ful-a)-Fyb 1) 12 !
AXT T
1 2 2
- 2 - (1—a)j g2 §527+[h] 52
. _\/[F,](la)JrF,.zb) +[F,l(l—a)—lﬂzb FAX 1 S C 1 o
AT
1 1 2 2
[F“) Sz+(Ftla+Ft2bj e
1 a 12 1
Tai B 2 I+b Ve L a’ e Fo V2
) SI'BY = 1 Sl'r2 lTsm 1 sb
F _Fy(+b)-Fa
BY = 7 2
1 4 Fy 24 Fi,b Frlaj s2
B _E,(1+b)+Fa . 1 :
BX= "
1 2
; $? - (”b)j $2 428 (izj s2
. \/[F,Z(Hb)—FrlaJ +[Fﬂ(1+b>+F,,a X 1 Rz o2 o 1
B~
! ! (Ftl )252+(F‘2b+Fﬂansz
1 a 12 1
Hinh | TaiA > _((-aYo Po (FaVe
’ SFAY = 1 SFrI +17SFrz + 1 Sh
8.2b F _ Frl(l_a)_Fer
AYT 2 2
1 i), Fr1a+Fr2bj s
F _Fy(d-a)+F,b 1 : 12 !
AXT
1 2 2 2
5 s = (l_d)j s? +b—zs2 +[ij s?
. \/[F”(l-a)-l:,zbj +(Fl|(l—a)+Flzb FAX 1 fl F2 1 b
A T 2 2
] ] +(&) SZ+(Flla thbj 52
1 2 ]2 1
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. p 2
Tai B s, (L2, 42052 o2 ]s
E _E,(+b)+F,a BY 1 1 1
BY = 2
1 (Fa) g2, (FabtFua) o
E _Fp(+b)-Fya 1 a 12 !
BX ——
1 2
; s | s (Y], e, o (B ] 2
. \/(Fﬂ(Hb)H:ﬂa] +(Fu(nb)—FHaJ BX 1 1 1
B~
1 1 2
J{&) Sz+(F‘2b_F‘laj 52
1 a ] 1
Tai A (1-a) ) b2 E,
) Slz:AY = ) Slzﬂul + 2 Siﬂ +(%) Si
Hil’lh Fav = Frl(l_a)_Fer 1 1
A 1 Fy V2 (Faa+Fub) o
—rl r T
8.2¢ . _Ftl(l—a)+F[2b J{ 1 ] Su+( B j S]
AX ————
1 2 2 2
2 (A=Y 2 b Fo ) 2
. _\/[Fr](lfa)—Fﬂbjz+[F11(l—a)+Flzbj2 St =TT J St 75 *[T S,
A T
1 ] N Y
4 Fy s2 4 F,a—F,b 52
1 a 1 1
: 2
Tai B ¢ :[3)252 L= o J{QJ ¢
B o Frla_FrZ(l_b) Fpy 1 Frl 12 Fr2 1 b
BY =— 5
1 (Fa) 2, (FuatFob) o
p _FuatBp(-b) WAL . )
BX ——
1 2 2 2
> _(a) @ ,0d-b)" o (Fo)
. 7\/[Fﬂa—Fﬁ(l—b)Jz+[F[,a+Fiz(l—b)J2 St = 1) St Sw J{ S
B~
1 1 N
+[%) Sf+(F‘lal_F‘2bj s?
Tai A 2 _(d a))z 2 b +(F’2j252
_Fy(-a)+F,b FaY 1 L R >
Hinh FAY_ 1 + i ZSZ+ Frla—Frzb S2
i g _Fa(l—a)~Fgb 1) 1 !
8.2 AX =
: 2 (ka)]z > b [F‘[zjz 2
2 > | 2 = S? +28% +|2|s
F _\/[Fnﬂfawﬁzbj +[F11(1—a)—szb] ) Tzt o )
A T
1 1 2 2
+[&) Sz+(F“a+Ft2bj §2
1 a 1 1
Tai B 2 =(3j2 2 (1-b)? o [Fﬂ]zsz
7 _ Fr121+Fr2(1—b) FRy 1 Frl 12 Fr2 1 b
BX —— ¢+
1 2 _
Fa—Fy(1-b) +[F1“J sf+[Frla Frzbj s?
Fyy =822 1
2 2 2
2 2 2 _(a) e ,d-b)7 Fo ) 2
FrB:\/(Fr]aJr}jﬂ(lib] +(Fl]a_Fi2(l_b)] S“'Bx - Tj Sl—\l SHZ % Sh
2 2
(FuY g2, (FuatFob) o
1 a 12 1
Can chu y:
2 w2
Fi, Sea, +FxS
2 AxOFAx T FAyOFA
S, = o (8.102)

FrA

=2 12
Fiy +Fix
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@ FiSim +Fiy Sty
" Fay +Fiy
3. Chon & A ho#c B dé tinh toan theo tri s6 luc 16n hon: F = Fya hoac F
Fis.
Tai trong quy uGc trung binh:

(8.103)

Q =F (8.104)
Sai léch binh phuong trung binh cda tai trong quy uéc:
S =Sk (8.105)

Chon hé s6 bién phan kha ning tdi dong vc = 0,27 (6 bi) hoac vc
0,25 (6 dia).
Hé s6 bién phan tai trong quy uéc:

SQ
Vo== (8.106)
Q
4. X4c dinh hé s6 an toan theo gia tri trung binh tir diém phan vi:
n-1
7= (8.107)
~2 2 2
n ve+vg

5. X4c dinh khé nang tai dong trung binh:
C=nQLY™ (8.108)

6. X4c dinh kh3 ning tdi dong cta 6 véi xdc sudt lam viéc khong héng
90%:

Cop =~ dBH¥6i § bi
1,52
5 Coner om oae
hoac Coo :m doi véi 0 daa (8.109)

9

Theo gi4 tri vira tim dugc ta chon c& 6.

8.6 PO TIN CAY CUA O TRUQT

e

O trugt héong 1a do chiéu day nhé nhat 16p dau boi tron hpin nhé
hon chiéu day 16p dau t6i han hy. D& ddm bdo diéu kién boi tron ma sat
udt:

hmin = S(Rz1 + Rz2) (8.110)

Kha nang tdi F (N) dugc x4c dinh theo dudng kinh d (m), chiéu dai
1 (mm) cha &, s6 vong quay cta 6 n (vg/ph), d0 nhét dong luc ctia dau p
(Pa.S), khe hé huéng kinh & (um):
1d’° nnld’
=p—@ (8.111)



Chuong 8

Hé s6 kha ning tai @ c6 thé xac dinh gin ding theo cong thic:

o= _ (8.112)

1=y
trong dé6: y - do léch tam tuong d6i y = 2e/5 v6i e 1a do léch tam tuyét doi;
m’ - hé s6 phu thudc vao ti s6 1/d [32].
Mit khéc lién hé y v6i & va chiéu day nhé nhat hpuin cia 16p dau
theo cong thic:

Bimin =g(1—x) (8.113)
Néu 14y hupin = hi ta cé:
_ 5—§hm (8.114)
Thay cong thic (8.114) vao (8.112) ta c6:
@zm'[i—lj (8.115)
2hy,
Thay gia tri ® via tim dugc vao céng thic (8.111) thu dugc:
Tcnld3u )
F=m'——- -1 8.116
3087 [2hth ] ( )

Su thay d6i ctia khe hé theo nhiét @0 (um) dugce tinh d&€n nhu 1a hau
qua su khac nhau ctia hé s6 gidn dai vat liéu cta 16t & va than 6.
Tim gia tri F bang cich tinh theo cong thic (8.116) gia tri trung
binh ciia khe hé huéng kinh § va do nhét dong luc u.
L m'( 3 —1J (8.117)
308 2hy,
Gia tri sai léch binh phuong trung binh Sg:

2 _ 2
1d* - 2 1 1d* m'( &
30 5 25°h, 30 32| 2hg
Do tin cay 6 trugt xac dinh theo diém phan vi zi:

F -F
= (8.119)

VSE> +Sg.2

trong dé: F,va Sp. 1a gid tri trung binh va sai léch binh phuong trung binh

le_

tai trong huéng taAm tac dung lén 6.
Gia tri F 12 ham s8 cla cdc dai lugng ngdu nhién § va u véi:
8 =5, — 2a.At(o— 0 J103 (8.120)

w= ”O[tTOj (8.121)
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Co s6 phan tich va thi€t k& chi ti€t may...

trong dé: 3, n,- gid tri dva p khi nhiét do moéi trudng chung quanh to, t
- nhiét do 6; At =t - to - s6 gia nhiét do; 2a - hai 1an chiéu day 16t 8; o, oo
- hé s6 giadn dai cia vat liéu 16t 6 va ngdng truc; m - s6 mi (m = 2,6 + 3,0).

Gid tri Ssva Sy la sai léch binh phuong trung binh ctia khe hé va
do nhé6t duge xac dinh bing 1/6 mién dung sai 8s va 8, cdc thong so6 dé. Do
léch huéng kinh &8s c6 thé xac dinh bing cong thic gdn ding sau:

85 ~ 11,82 +82 (8.122)

Dung sai ctia d6 nhét dong luc cia dau dugc xdc dinh bing cong

thdc:

5, =5, (%ij (8.123)
trong d6 8, - dung sai cia do nhét dong lue tng v6i nhigt do to.
Khi nhiét do t thay d6i thi 8 va p cing thay ddi, do dé
oF) ( OF

[%} ,(a—j 14 ham s6 cta ché do tdi trong, khe hé, d6 nhét cia dau...
i

8.7 PO TIN CAY LY HOP

Muc nay giéi thiéu tinh todn d9 tin cay céc loai ly hop tu dong (ly
hop mot chiéu) va ly hgp an toan: chét an toan, ma siat an toan, bi an
toan...

8.7.1 Po tin cay ly hop mét chiéu

D¢6i véi loai ly hgp mot chiéu (hinh 8.3) c¢6 yéu ciu cao vi chiing lam
viéc nhu co cdu banh céc, khi ma chuyén dong theo chiéu nguoc lai sé& gay
nén nhitng hién tugng khong mong muén va dan dén héng may. Tinh toan
x4c sudt ly hgp gom: x4c sudt chuyén dong mot chiéu va do bén ly hop.

Thong s6 cht yéu cia ly hgp, xac dinh diéu kién lam viéc 1a géc
chém cta con 1an o. Né&u tinh d léch tam cda truc va vong ngoai ta c6 biéu
thic quan hé hinh hoc sau:

2b+d

0. = arccos (8.124)

trong dé: b - khodng cach mat phing lam viéc cia dia xich dén truc ly hop;
d - duong kinh con lan; D - duong kinh vong ngoai.

Xdc sudt chuyén déng mot chiéu xac dinh theo diéu kién con lin ly
hop sé& dugc cai, néu nhu géc ma sat p sé& 16n hon 1/2 géc chém.

p= 2 (8.125)
2

Tuy nhién gid tri o cang 16n thi mémen truyén T sé cang l16n:

187



Chuong 8

T= O,SFZDsin% (8.126)

trong d6: z - s6 con lin; F - luc trong moi tiép xdc.
Do d6 dé tang kha nang tai ta ting géc chém (thong thudong o =
79), nhung khi dé c6 thé xdy ra hién tugng ly hgp khong dugc cai.

D

YR

Hinh 8.3 Ly hop mét chiéu
Khao sat két cau tuy dong cha ly hop (hinh 8.3) véi 3 con lian. Gia
sif géc chém va géc ma sat phan phoi theo quy luat phan phdi chudn. X4c
suat cai cta ly hop tuy dong Rc dua trén biéu thic (8.125) phu thude vao
gid tri trung binh cta géc ma st p va géc chém o, va v6i sai léch binh

phuong trung binh S, va S, clia su phan tan clia géc ma sat va géc chém
theo ly hgp. Pai lugng S, lién quan dén do phan tdn dudng kinh vong.
Diém phan vi zi. cla xdc suit Rc, dugc xem nhu 14 hiéu s6 cha cac dai

luong ngau nhién(p—%], phan phéi theo quy luat chuidn cé thé u6c lugng

theo cong thic:

-«
z P (8.127)
lc — .

2, 1q2
Sp] +ZS("]
Gia tri Rc thuc t& khong bao gom d0 phan tén cdc gid tri p va a
theo cac con lin trong gidi han ctia mot ly hop, béi vi sai s6 ché tao trong
ly hgp tu chinh duge danh gia theo gia tri trung binh.

Xdc sudt khéng héng R cdc chi tiét tiép xtic xac dinh theo ing sudt
tiép xtic phd hiy or va tac dung on. Diém phan vi z; clia xdc sudt can tim
c6 thé tim theo cong thic:

—OH S
7, =-2R_OHZIOR (8.128)
(eSr ) +Sii
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trong do: oR, GH, Sk, Su - gia tri trung binh va sai léch binh phuong trung
binh tng suat pha hdy va tdc dung.

Khi do rén cdc bé mat HRC > 60 c6 thé 14y so bdo or = 1800 MPa,
Sk = 100 MPa.

Gid tri trung binh Gng sudt tiép xdc on xdc dinh theo cong thic
Hetz:

o = 0418 | STE_ (8.129)
zDdla.
trong d6: E — modun dan héi céc chi tiét tiép xic, MPa; 1 - chiéu dai con
ldn, mm.

Hé s6 bién phén Ung suit tiép xuic:

- \/VT V3 +v2 42 4 vE (8.130)

Sai léch binh phuong trung binh Sy = ox Vi

8.7.2 D6 tin cay cua ly hop chét an toan

DPic diém cua do tin cay ly hop chét an toan la phai tinh xac sudt
cda hai sy kién mau thudn nhau: xdc sudt khong héng cha ly hop khi tai
trong ngoai tac dung va xdc suat héng cta chot khi tai trong tac dung chua
dén gid tri gi6i han.

Tinh toan xdc suat lam viéc khéong héng ciua ly hgp theo diém
phan vi z1:

n-1

z=——
1 =,
n vy +v2

(8.131)

trong d6: n =& - hé s6 an toan theo céc gid tri trung binh; Tp, Ta- gia tri
a

trung binh cia mdmen phd hiy va mémen tdi; vp, va - hé s6 bién phan cta
moOmen phd hiy va mdomen tai trong ngoai.
Moémen ph4 hay:
T nd’1R
P 4
trong d6: d - dudng kinh tiét dién nguy hiém cta chot; R - ban kinh tir chot
dén tam truc gén khép ndi; T - gi6i han bén cit: t = cop v6i oy - gidi han
bén vat liéu, ¢ = 0,95 chét ¢6 ranh, ¢ = 0,75 chét khong c6 ranh.
Hé s6 bién phan ctia mémen phd hiy biang hé sé bién phan clia
giéi han bén vat liéu chot thong thudng cé gia tri biang 0,06+0,08.
Xac suit pha héng cda chét trong lic qua tdi xac dinh theo z;:
np -1

7, =— (8.132)

Vp
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- T . o . R .
trong d6: nn == _h¢ s6 an toan theo gia tri trung binh; Ty - mémen qua
Tp

tdi, vugt qud gid tri nay thi chot sé bi héng.

8.7.3 P tin cay cua ly hop ma sat an toan

Dbiéu kién khong trugt ctia ly hop véi xdc suat cho truge:

T-Ta+2,S=0

Hoac: Ffr, —Ta+2,S=0 (8.133)
trong d6: T:Ffrm gia tri trung binh cia mémen giéi han; F - luc nén dia
ma sét; rm - ban kinh trung binh ctia dia ma sat; f - gid tri trung binh cia
hé s6 ma séat; Ta- gid tri trung binh cla moémen tdi trong ngoai;
S=4/S2+82 - sai lech binh phuong trung binh cta hiéu cdc mémen T va

Ta; St va S, - sai 1éch binh phuong trung binh cdc mémen T va T..
Hé s6 bién phan ctia phan phoi chuin:

g =——2=1 (8.134)
22 2
n vg + VTﬂ
L, - Ffrm o R . e, . N ~
trong d6: n=—" - hé s6 an toan theo cdc gia tri trung binh; v, va v¢ - hé

a

s6 bién phan clia tdi trong ngoai va ctia hé s6 ma sat.

Theo gi4 tri z; ta tinh x4c suat lam viéc ctia ly hgp khong truot.
Xdac sudt pha hiy chi tiét khi tdc dung béi mdomen qua tai ta xdc

dinh phu thudc vao diém phan vi z, = _n_—l’ trong d6 na =?qt .
Ve

8.7.4 Do tin cay cua ly hgp bi an toan

Mémen giéi han cta ly hgp, tic 14 mdémen xodn T ma khi d6 bat

dau trugt dudi tac dung ctia luc ma sét giita con lan va ranh:
FD FD
T= ~
Z(tg(a —¢)—Df/ d) 2(tga - fc)

trong d6: ¢ = 1 + D/d; F - luc caa 10 xo0; D - duong kinh vi tri tAm con lan; d
- dudng kinh trung binh phin ranh cla truc; o - géc tiép xic gilia con lan
v6i dia ma sat; f = tge - hé s6 ma sat (hinh 8.4).

X4c sudt lam viéc khong trugt ctia ly hop dugc xac dinh theo diém

(8.135)

phén vi z;:
T—Ta+2S; =0 (8.136)
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trong d6: T,T, - gid tri trung binh moémen t6i han va clia moémen ngoai téc
dung; St - sai léch binh phuong trung binh cia mémen giéi han va mémen
tai trong ngoai.

Ty’ T T
Spa | S ] S2as2= || S| S2+8? (8.137)
T (é‘fjm ' {‘tga—fcd !

trong d6: St Sa. - sai léch binh phuong trung binh cGa hé s6 ma st va
momen ngoai.

A ;
o
Hinh 8.4 Ly hop bi an toan
Tu day
N T—ja __ “‘12 (8.138)
CTf 2 a=2 enf 2 2
= vi+v,; T = Vi + v,
\/Ltga—fod Fr it \/Ltga—fod fre
trong do6: n :_l - hé s an toan theo gia tri trung binh.

a
X4c suadt pha hiy caa ly hgp khi tdc dung mémen qué tai Tq xdc
dinh theo z;.

T,-T _
g om—tw”l M-l (8.139)
cT cf
= Sf S Vf
tgo —fc tgo —fc
£ - th
trong d6: np = —=
T

8.8 PO TIN CAY LO XO

8.8.1 Lo xo0 x0dn 6c nén, kéo
Lo xo xoidn &c nén (hinh 8.5) dugc tinh toan theo d6 bén va do

cling.
Ung suét trong day 1o xo dugc xdc dinh theo cong thiec:
T= SFK‘;)“D (8.140)
nd

191



Chuong 8

trong d6: K, goi 1a hé s6 Wahl; F — luc nén tdac dung 1én 10 xo; d — dudng
kinh day; D — duong kinh trung binh.
Hé s6 Wahl K,, xdc dinh theo cong thic:

_(4c-D) 0615

7 (8.141)

trong d6: ¢ — chi s6 1o xo, ¢ = D/d.

Gi4 tri trung binh va hé s6 bién phan Gng suit:

nd?
Do cing 16 xo:
4
K=o Gd (8.143)
A 8D%n,
trong dé: no — s6 vong lam viéc 1o xo0; G — mddun dan héi trugt vat liéu.
F
©
G
D
Hinh 8.5
Gi4 tri trung binh va hé s6 bién phan d6 cing:
_ Gd* . _ 2, 2 2 2
k_ﬁ va Vi —\/VG +Vp, +9vp +16vg (8.144)

Néu ting suat dugc phan phéi theo qui luat chudn thi diém phan vi
dugc xac dinh theo cong thic sau:
om0l (8.145)
NETEE N S

Néu hé s6 do cing duge phan phoi theo qui luat chudn thi diém

Z

phén vi dugc xac dinh theo cong thic sau:
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P bl S (8.146)

ﬁzvé + Vﬁ

Tu cong thic (8.145), (8.146) ta xdc dinh gi4 tri trung binh hé s6 an
toan, sau dé xac dinh kich thuée 1o xo.

8.8.2 Lo xo0 x0dn dc xodn
Ung suét udn 16n nhé&t xudt hién trén day 10 xo xodn &c xodn (hinh
8.6) dugc xac dinh theo cong thic sau:
KT 32KT
oO=—= 3
\u4 nd

(8.147)

Hinh 8.6

Gia tri trung binh va hé s6 bién phan Gng suit:
_ 32KT —
O =——3 vA Vy=yVT +9v4
nd
D6i véi 10 xo xodn hé s6 do cing 10 xo duge xdc dinh theo cong

thuec:
4
21 __dE (8.148)
6 64D1’10

trong d6: T — moémen xodn; 0 - do léch géc 10 xo0; d — dudng kinh day; D —

dudng kinh trung binh; no— s6 vong lam viéc 16 xo; E — médun dan hdi vat
liéu.
Gi4 tri trung binh va hé s6 bién phan d6 cing:

d*E
64Dn,,

1_(:

va vy = \/v% +vﬁ0 +vh +16v3 (8.149)

Néu ting suat dugc phan phéi theo qui luat chudn thi diém phan vi
dugc xac dinh theo cong thic sau:
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c_fhm—E n—1

2y = — = (8.150)
U Sglim + Sg ‘Jﬁ2vg]im + Vi

Néu hé s6 do cing dugec phan phoi theo qui luat chudn thi diém

phén vi dugc xac dinh theo céng thiic sau:
2y =k - D1 (8.151)

JS24s2 fadvE +vE

8.9 PO TIN CAY CUA MOI GHEP REN

Tinh toidn d6 tin cay clia méi ghép ren chi yéu dua trén méi lién
quan cia do phan tdn tdi trong, giéi han moéi cia bulong.. va v6i do tin cay
cla cac chi ti€t cd dinh dai 6c (chi tiét hdm). Ta s& khio sat do tin cay cia
buléng khi tai trong tinh va tii trong thay ddi [52, 53].

Dic diém cha tinh todn méi ghép ren theo d9 tin cay la tinh dén do
phan tan cla luc xiét ban dau va tinh todn chinh xdc d§ phan tan cia su
tap trung tng sudt. Khi tinh todn ta chdp nhan cac dai lugng ngiu nhién
l1a tai trong ngoai, luc xiét ban diu, giéi han méi cta vat liéu va hé so tap
trung Ung sudt & ren lién quan dén bd phan tan cta ban kinh cong ranh
ren.

Do tin cay theo xdc suit lam viéc khong héng cia moi ghép bing
ren dugc xdc dinh theo xdc suat lam viéc khong héng cla cédc tiéu chuin
kha niang lam viéc chl y&u: khong tach moi ghép, khong trugt méi ghép,
do bén buléng (tinh, méi) R = RiRaRs...

8.9.1 X4ac suit lam viéc khéong héong theo diéu kién khéng
tach bé miit ghép R,

X4c suat khong héng R; khi d6 tng sudt nén nhé nhat trén moi
ghép sau khi tdc dong cua tai trong ngoai ¢6 gid tri 16n hon khong.

Trong truong hop don gidn nhat: Moi ghép ren chiu tdc dung cua
luc kéo doc buldong F (hinh 8.7) xac suat Ry x4c dinh tir diéu kién:

R:1 =P[V/k > F(1-y)] (8.152)
trong d6: V - luc xiét; k - hé s6 tinh dén kha ning c6 thé lam yé&u su xiét
do bé mat méi ghép bi pha hiy (mém héa) k = 1,3+1,5 khi tdi trong tinh, k
= 1,5+4 khi tai trong thay déi; (1-y) - hé s dic trung tai trong ngoai téc
dong 1én moi ghép.
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V+ ¢F

—
M

Hinh 8.7 M6i ghép chiu luc doc truc buléng

Xac suat Ry xdc dinh theo diém phan vi z11:

a=- L (8.153)

=22, 2
anV + VF
trong d6: ni - hé s6 an toan khong tach mdi ghép xéc dinh theo gia tri tai
trong trung binh:

m=—V (8.154)
KF(1-2)

v6i: V, F va vy, vr - gid tri trung binh va hé s6 bién phan cta cdc dai
lugng ngau nhién 14 luc xi€t V va tai trong ngoai F.

8.9.2 Xic suit lam viéc khong hong theo diéu kién khéong
trugt bé mit ghép R»
X4c suat khong hong theo tiéu chudn khong trugt bé mit ghép cla

moi ghép bulong xiét chiu tdi trong ngang F (hinh 8.8):
Ry = P(fV/k >F) (8.155)
d

]
' 77 I
/ Z M
d
i &\L 4
Hinh 8.8 Méi ghép chiu luc ngang

bé x4c dinh Rs ta tinh diém phan vi:
n2 -1

212 = - =
nové, +va
Hé s6 an toan do khong trugt cia méi ghép theo tdi trong trung

binh va hé s6 bién phan dugc xac dinh nhu sau:
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- fV
n =——
kF
Viim = VY + Vv (8.156)

trong d6: f va vr - gid tri trung binh va hé s6 bién phan cta hé s§ ma sét
f.

Hé s6 ma sat d6i v6i cdc tdm thép hodc gang c6 thé 14y
f = 0,15+0,20, d6i v6i thép (gang) véi betong f = 0,3+0,35, ddi v6i thép
(gang) v6i go f = 0,25; k - hé s6 an toan, thuong 14y 1,3+1,5.

8.9.3 Xac suat lam viéc khong hong theo dd bén tinh Rs

X4c suat lam viéc khong héng buldong theo tiéu chudn bén tinh Rs:

Rs3 = P(ott < oen) (8.157)
trong dé: o - Ung suat tinh todn trong tiét dién nguy hiém cta buldng; o
- giéi han chdy cua vat liéu bulong.

Ung sudt tinh todn oy trong bulong cia méi ghép ren (1 buldong)
chiu tai trong kéo doc buldong xdc dinh theo cong thic:
Ot = iz(waF) (8.158)
mdy
trong d6: d; — duong kinh tinh todn ctGa ren buléong; K - hé so xét dén su
xoén cta buldng khi xiét (khi khéng c¢6 hién tugng xoay buldong khi xiét K
= 1, trong cac truong hgp khac K = 1,3).

Gi4 tri trung binh clia ng suit tinh toan O xdc dinh theo o

o = (KV + F) (8.159)
ndq
Sai léch binh phuong trung binh cla Gng suat tinh todn:
4 =2 =2
St = Gy Vit = _2\/K2V3V +y°F v (8.160)
ndj
T day suy ra hé sd bién phan:
2 p—
Vit = %ZVVL 1+a2v—§ v6i a = x—li (8.161)
Gyt I1+a vy KV

Do gid tri a cé gia tri nhd nén ta c6 thé 14y gan ding:
Vit = Vv (8.162)
X4c suat lam viéc khong héng Rs theo tiéu chudn bén tinh tim theo
diém phan vi:
ns—1

= T o
N3V, +Vy

(8.163)

196



Co s6 phan tich va thi€t k& chi ti€t may...

trong d6: Gech VA Ven - gid tri trung binh va hé s6 bién phan gidi han chay
ctia vat lidu ché tao bulong; n3- hé s6 an toan.
Hé s6 an toan n3 x4c dinh theo cong thic:
_ y—
- © nd; o
ng =2ch __ T Och (8.164)
Ctt 4(KV + XF)

8.9.4 Xac suit lam viéc khong héng theo do bén méi Ry

X4c sudt lam viéc khong héong buldong theo tiéu chudn bén méi Ry:
R4 = P(oa < 6.111) (8.165)
trong dé: o, - Gng sudt thay déi sinh ra trong buldng; c.1, - giéi han méi
caa bulong.

Gi4 tri trung binh tng suit sinh ra trong bulong:

G = %[O,sxh K"’ (V+0,5Xﬁ)} (8.166)

1 9

trong do6: F- gia tri trung binh cla tai trong 16n nhat tdc dong lén buldong
(tinh d&n dic tinh ngiu nhién cda tai trong); 0,5F - gi4 tri trung binh bién
do tai trong; v - hé s6 anh huéng do6 nhay cla vat liéu dén tinh chit khong
doi xtng cta chu ky; Ko - gid tri trung binh cta hé s§ tap trung dng suit
phu thudc vao giéi han bén oy, cia vat liéu:

Ob ... 400 600 800 1000
Ko ... 3,0 3,9 4,8 5,2
hoéc duge xac dinh theo cong thic:
Ko= 1+ q(a -1) (8.167)

v6i: q - hé s6 do nhay cha vat liéu dén su tap trung ng suidt: q
= 0,5+0,6 d6i v6i thép carbon va q = 0,7+0,8 d6i v6i thép hop kim;
o - gia tri trung binh cia hé s6 tap trung ing suat ly thuyét.

Hé s6 bién phan cla tng suit sinh ra trong buléong cé thé 14y biang
hé s6 bién phan cda tai trong ngoai vr.
Gid tri trung binh giéi han moéi cia buldng:

Golbl =01 %—"Bﬁtb (8.168)

trong d6: o1 - gid tri trung binh giéi han méi cia miu thit nhin (d= 7,5+10
mm); & - hé s6 dnh hudng cia kich thuéc buldong; p - hé s6 phu thude vao
moi ghép ren: d6i véi moi ghép tiéu chudn B = 1, khi ghép c¢6 bd phan cang
ren B = 1,5+1,6; Bw - hé so tang bén bing phuong phdp gia cong ren: doi
v6i bulong cé ren cit By = 1, doi v6i ren lan By = 1,2+1,3.

Hé s6 bién phan giéi han méi ctia bulong v.ip:
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van = Vel Ve + V5 (8.169)

trong d6: vy - hé s6 bién phan giéi han méi chi tiét dugc ché tao bang vat
liéu cung 1 mé niu, vy = 0,06+0,08; v, - hé s6 bién phan giéi han moéi
buléong duge ché& tao bing vat liéu ti cdic mé ndu khac nhau v, = 0,08; v. -
hé s6 bién phan tap trung Ung suit.
Do d6 xdc suit lam viéc khong héng theo tiéu chudn bén méi Ry
dugc xdc dinh theo diém phan vi z4:
fum - L (8.170)

~ 2.2 2
na“ v+ vy

~  O-1bl

Va ng =— (8.171)

Oa

8.10 PO TIN CAY MOI GHEP PO DOI

Do tin cAy moi ghép bing d6 doi dugc tinh 14 do cé su phan tan 16n
cac dai lugng nhu: do doi (hiéu s6 gitta dudng kinh truc va §), hé s6 ma sat
(phu thudc vao trang thai bé mat, cac tap chdt (hat mon) roi vao mdi ghép)
va tai trong ngoai ... [51, 53].

X4c sudt lam viéc khong héng méi ghép bing do doi sé tinh bing
x4c sudt lam viéc khong héong theo do bén méi ghép Rmg (Rmg = P(T < Tiim)
va xdc sudt lam viéc khong héng ctia do bén chi ti€t Re; (Rei= P(cta<oen).

R = RugRet (8.172)

Xdac suat lam viéc khong hong theo dé bén moi ghép Rme
X4c suat lam viéc khong héng moi ghép Rmg theo tiéu chudn do bén
moi ghép xdc dinh theo cong thic z;:

zy= - mel (8.173)
r_lmg"lzim + v%
trong d6 nme =T]%— hé s6 an toan do bén méi ghép.

Mbémen xodn giéi han theo do bén (Nmm) Tym 12 mdmen 16n nhat
c6 thé truyén ctia méi ghép c6 duong kinh d (mm), chiéu dai 1 (mm) do doi
N(um), 4p suat trén bé mat p (MPa) va hé s6 ma sat f:

_ ndzlpf
=0k
trong d6 K = 1,5+3 - hé s6 tinh d&n kh& ning c6 thé gidm luc dinh két
theo thoi gian.

(8.174)
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Momen xo0dn gi6i han Tim dugc khdo sat nhu 1a ham sé theo hai
dai lugng nglu nhién p va f. Gia tri trung binh Tiim dugc xac dinh theo gia
tri trung binh 6 va f.

Doi véi truc dic dudng kinh d véi mayo c6 duong kinh vong ngoai

dz, cd hai c¢6 cung modun dan héi E (MPa) va hé s§ Poisson p nhu nhau, do
dé6 ta c6 cong thiic xac dinh 4p suit sinh ra trén bé mit sau:

-3
p = (8-uE107 (8.175)

d(1+v)
2
1+[dj
b

2 >
1[4
d,
ghép, um; u - hé s§ diéu chinh xét dén viéc san bang cdc do nhap nho bé
mait 14p Rz1, Rze: u = 1,2(Rz1+Rze).

Gid tri trung binh P dugc xdc dinh theo (8.175) khi thay 5 béi .

Gi4 tri trung binh d6 déi & xdc dinh bing hiéu cta gia tri trung

trong d6: y 12 hé sd xdc dinh theo cong thic vy = & - do doi moi

binh sai léch truc e va 15 E. Trong hé thong 15 c6 thé bidu dién qua céc
gi4 tri mién dung sai tra bang dudng kinh truc te, 16 tg va sai léch duéi cia
truc ei.

S =e¢-E =ei+0,5 e - tp) (8.176)
Dung sai 46 doi:

ts = |12 +1t3

Sai léch binh phuong trung binh d6 doéi Ss:

1
Ss = g,/tg +tg, (8.177)

Khi d6 hé s6 bién phan do doi vs = S/5.
Khi ché tao truc 1a 16 theo cing mot cAp chinh xdc tic 1a te= tg = t:

§ =ei; vs = @ = %236t (8.178)
6ei ei
Hé s6 bién phan 4p suit p:
vp= 8y L (8.179)
d—u 1-u/d

trong d6: vs, Ss 1a hé s6 bién phan va sai léch binh phuong trung binh cta
do doi d.

Né&u u ti 1& v6i & thi v, = vs.

Hé s6 bién phan cta Tim duge x4dc dinh nhu sau:

Vim= |[Vp +V} (8.180)
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trong do: vp, vr1a hé s6 bién phan ctia 4p suit p va hé s6 ma sat f.

Theo két qua thuc nghiém, hé s6 bién phan cha hé s6 ma sat ve
nam trong khoang 0,08+0,125 (trung binh 0,1). Gia tri nhé khi 1ip bang
phuong phap lam lanh truc. Gia tri nhé nhit nidm ngoai khodng trén khi
14p bing thay luc. Ta khio sat bai toan téng quat uéc lugng do tin ciy cua
méi ghép bing do doi dudi tac dung clia mdémen véi gid tri trung binh T va
hé s6 bién phan vr.

Xdac suat lam viéc khong hong cia do bén chi tiét Re
Ung sudt nguy hiém sinh ra tai bé mat trong chi tiét bao. Piéu
kién bén ot < 6, trong d6 cwq — Ung sudt tuong duong 16n nhat; on — gidi
han chdy vat liéu chi tiét bao.
Gi4 tri trung binh cla Gng sudt tuong duong otd bang:

oW =—""5
-4
d2

Hé so bién phan vy clia ing sudt ot bing hé s6 bién phan v, cla
4p sudt trén bé mit 14p ghép.
X4c suat lam viéc khong héng R theo do bén chi tiét xac dinh theo

(8.181)

Z1.
2=~ M-l (8.182)

—2 2 2
nctvch + Vp

L G, ~ oz N c . o e ,
trong d6: f, =—< - hé s6 an toan theo gia tri trung binh cia giéi han chay
Gtd

va Ung sudt G ; Ven - hé s6 bién phan cda gidi han chay.

8.11 KET LUAN

Dua vao co s6 ly thuyét trinh bay & trén ta c6 thé tién hanh tinh
toan thiét k& va phan tich chi tiét may trén co s¢ do tin cay. Thiét ké tién
hanh theo phuong phdp mémen thich hgp (gia tri trung binh va sai léch
binh phuong trung binh), dé danh giad do tin cay ta c6 thé st dung nhiéu
phuong phap khdc nhau da trinh bay chuong 5, 6. Trong chuong 12 chiang
toi trinh bay vi du tinh todn hé théng truyén dong co khi trén co sé do tin
cay.

8.12 BAI TAP
8.1 Kha ning tai ctia ly hgp con (hinh 8.9) du6i ap luc khong doi duge xdc
dinh theo cong thdc:

o Ff D’ - d°
3sina| D? —d?
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trong d6: D - dudng kinh ngoai mat con; d - dudng kinh trong cia con, a
= nlia géc con; f - hé s6 ma sat gitta trén bé mét con; F, - luc tac dung
doc truc.

Hinh 8.9

Doi véi ly hop trong trudng hop nay trén bé mit con 1a 16p amian;
d = N(200, 2)mm o= N(20°, 2°; F = N(448, 45)N; f= N(0,3, 0,03). Néu
moémen xoan truyén qua ly hop con ma siat phan phéi theo quy luat
chuin véi gid tri trung binh T = 45194 Nmm va sai léch binh phuong
trung binh St = 4519 Nmm. Tim dudng kinh ngoai mét con D dé€ dat do
tin cay R = 0,99. Gid st ring dudong kinh ngoai mit con D = N(D,
0,05D).

8.2 Tim dd tin cay truc nhu hinh 8.10 sau c¢6 16 suét duong kinh a va chiu
tac dung momen xodn T = N(3400, 340)Nm. Gi6i han bén kéo cha vat
liéu truc c6 gia tri trung binh Obk = 1034,2MPa. Hé s6 tap trung Ung
sudt 1,62. N&u duong kinh truc D = N(D, 0,1D) va 16 a = N(6, 0,6) mm

x4c dinh dudng kinh trung binh cta truc D véi hé s6 an toan @ = 2.
a

S

Hinh 8.10

8.3 Tim dudng kinh trung binh truc D cua bai tap 8.2 dé dat do tin cay R
= 0,99 gid st rang Gng suidt va do bén cha vat liéu tuan theo quy luat
phan phdi chuan.

8.4 DAm c6 chiéu dai L; va tiét dién ngang t va b dugc han c6 dinh vao
mot gia d6 nhu hinh 8.11. Méi han c6 chiéu dai Ly trén mét trén va
dué6i dé d5 tai trong F. Moi han c¢6 dang tam gidc v6i day 1a h. Ung suit
cit 16n nhat trén mdi han t duge xdc dinh theo cong thiic:
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T= \/r'%: +r‘§4 +2Tg Ty cosa

trong do6:
Tp= F
" 2hL,
{LZ (hHﬂ
s U2
T =@= P| L +l
M=y "2 2 2
L2 h+t
2 J2hLy| =2 4+ 2=
12 2
va cosa = Lo

, \/{L%{hﬂf
4 2
Céc kich thuéc méi ghép han va dam L; = 625 mm, h = 50 mm, Ly
= 250 mm, t = 250 mm, b = 50 mm va tdi trong phan phdi theo qui luat
chudn vé6i F = N(2500, 250) N. Né&u gi6i han bén cit clia méi ghép han la
10 =N(Tg,S¢0) =N(245,35)MPa. Tim dd tin cay ctia m6i ghép han.

Hinh 8.11

8.5 Hai banh riang dugc 1ap 1én truc c6 cac luc tac dung theo hinh 8.12. Cac
luc Fi1, Fio, Fr1, Fre va cdc khodng cach 1y, Iy, 13 12 cdc dai lugng ngiu
nhién phan phdi theo qui luat chuén.

Cho biét: Fy; = 4500N + 450N; F,; = 1800N + 180N; Fy» = 6000N
+ 600N; Fyo= 2400N + 240N; Iy =lo =13 =80 + 5 mm.

Kich thudc dudng kinh dugc xem la cac gid tri don dinh. Giéi han
moi truc 1a dai lugng ngiu nhién véi ciim = 200 + 60 MPa.

Xac dinh duong kinh truc véi do tin cady R = 0,999.
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s
Fﬁ

_ o
X X 0

Fto

Fro
11 12 13
Hinh 8.12
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PHAN TiCH MAY THANH HE THONG

M4y hosc day chuyén cong nghé dugc phan tich nhu 1a mot hé
thong. St dung ly thuyé&t toan (hé théng) do tin cdy dé xdc dinh do tin
cay may theo cdc phan ti. Do d6 phan tich cdu tric cady hé thong rat
quan trong khi ddnh gia do tin cdy may. Tu d6 tin cdy céc phan ti ta xac
dinh d6 tin cay hé thong, c6 nghia xdc dinh do tin cay may. Ngugc lai dé
ddm bao do tin cAy mdy thi mdi phan tit phai c6 dd tin cAy nhat dinh, tu
do6 thiét ké& cdc phan ti v6i do tin cay cho truéc.

Nguyén nhan viéc héng héc cia hé théng khong nhitng 1a do héng
héc cha cac phan ti cia hé thong ma con do 16i cda ngudi van hanh va
nhan vién bdo tri. Do d6, viéc xem xét 16i cia con ngudi cling rat quan
trong trong phan tich an toan. Héng héc cia hé thong khong nhitng gay
nén cac bat tién trong cudc sdng, gidm ning sudt ma trong mot s6 trudng
hgp con gay nén thiét hai 16n vé ngudi va cia.

Nhiéu phuong phdp xem xét an toan va thiét k& dugc phat trién
dé gitp hiéu dugc tai nan xdy ra nhu thé& nao, xdc sudt xdy ra tai nan
dugce danh gid nhu thé nao va bing phuong phdp nao gidm dugc xac sudt
x4y ra su kién. Cdc phuong phdp nay giap 46 trong viéc phén tich cé
phuong phap hé thong theo do an toan, trong viéc phat hién ra cdc diém
yéu tiém 4n c6 kha ning dan dén moi nguy hiém cho su an toan va céc vi
tri ndi bat cAn cé cac su chi ¥ dic biét trong thiét k&, sdn xuat, hoat
dong va bao tri hé thong. Trong nhiéu truong hgp khio sat lai ban thiét
k& c6 thé ph4at hién tdt cd khia canh cha thi€t k& dé théa man ching.
Viéc danh gia lai thiét k& duge lap k& hoach va tién hanh t6t sé nang cao
hiéu qué kinh t& trong viéc thiét k& va phat trién cdc hé thong kj thuat
phtic tap. Ph bién nh4t trong cic phuong phdp khac nhau c6 thé st dung
cho viéc danh gia lai thiét k& va an toan cia hé théng phdc tap la céc
dang héng va phan tich hiéu qué (goi tdit FMEA), phan tich cay su kién
(goi tit ETA) va cay dang héng (goi tat FTA).

9.1 PHAN TiCH AN TOAN HE THONG

Do tin cdy va an toan sdn phdm lién quan chat ché v6i nhau. An
toan dinh nghia theo nghia rong 1a tranh khéi cic diéu kién ma né la
nguyén nhan gay nén héng héc chi tiét, ton that nhan mang hoic héng
héc 16n vé trang thiét bi va méi truong chung quanh. Cho nén trong tam
G day la cdc héng héc tao nén nguy co cho an toan. Muc dich 1a xdc dinh
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trong qud trinh thiét k& cdc dang hong nao s& xudt hién va thuc hién céc
bién phap khic phuc. Thong thudng cidc dang héng lién quan an toan cé
xdc sudt xudt hién thap va do dé rat khé u6c lugng ching. Thit nghiém do
tin cdy ¢ mic do hé thong c6 thé sai va tao nén diéu kién khong an toan.
Ngoai ra, cdc dic diém an toan thiét k& v6i thanh phan hd trg hoic du
trit, hong héc gy mat an toan hé thong thong thudng c6 nguyén nhan la
két hop cac su kién. Vi du két hgp héng héc thiét bi, hdng héc do con
ngudi va héng héc hé thong bao dong khi ndi hoi bat dau qué néng do
nguyén nhan tich liiy 4p suat.

Ca hai phuong phap dinh lugng va dinh tinh déu dugc st dung dé
phan tich an toan hé théng. Phuong phdp dinh tinh gitip cho ta hiéu biét
cdu tric logic chia cdc dang héng khac nhau hé théng va méi tuong quan
gitta ching. Phuong phédp nay c6 thé chi cho ta hiéu ring cac su kién nao
d6 c6 kha ning xdy ra dugc gidm b6t hodc loai trii. Nguge lai, phuong
phdap dinh lugng gitip ta st dung cdc dif lieu héng héc cta chi tiét, du
doan thoi gian héong héc va 16i con nguvi va du dodn xdc sudt xudt hién
cac su kién nao d6.

Trong thuc t& st dung dang phan tich an toan hé thong phu thudc
vao do phuc tap ctia hé thong, khd ning st dung di liéu hdng héc va miic
d0 4nh huéng cla yéu t6 con ngudi. Cac dang khic nhau cta trinh tu
phan tich an toan hé thong dudc st dung dé nhan dang va xdc dinh sb
lugng clia an toan va rai ro cla hé thong theo hai phuong phdp: qui nap
va suy dién.

Theo phuong phdp qui nap, phan tich bit dau § mdc do chi tiét,
xac dinh cdc dang hdéng ctia mdi chi tiét va thiét 14p dnh huéng cla mdi
héng héc chi tiét dén toan bo hé thong. Phan tich cidc dang héng duge st
dung dé khdo sat mdi phan ti cia hé théng va phat hién su dnh huéng
dén hé théng ctia cdc dang héng khac nhau. Phuong phdp nay mang tinh
cht quan do ban chat dinh tinh cta phan tich.

Theo phuong phap suy dién, phan tich bit dau tir viéc danh sé cac
moi nguy hiém tiém tang va phan tich tir hé thong di xuéng dé xac dinh
c4dc héng héc phan ciing hé théng va 16i do con ngudi 14 cidc nguyén nhan
gay nén ciac héong héc tiém tang. FTA va cady su kién thudc vé phuong
phdp phan tich hong héc suy dién. Trong FTA, thi cdc su kién cao nhat
(goi 1a su kién TOP), nhu la héng mdy, chdy.. 1a hong héc hoan toan cta
hé thong dugc phat hién dau tién, va sau d6 la tat cd cic dang héng c6
thé&. Phuong phdp phan tich nay 1a cong cu chinh xac va c6 tdc dong l6n
cho viéc xédc dinh s6 lugng cdc rdi ro. Phan tich ciay su kién 134 mot qua
trinh logic, dua trén co s chudi nhi phan, trong dé su kién hoic 1a xay ra
hodc khong, chi tiét c6 lam viéc tot hay khong. Giéi han chinh cta
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phuong phdp nay la khong tinh dén céc chi tiét héng héc dan dan.
Phuong phédp nay st dung theo logic va né can thiét dé lam ngugc lai vé
ban chat dugc sit dung trong phan tich ciy su kién. Dua vao su xudt hién
dang héng cu thé, cay dang héng nhan biét cdc két hgp khic nhau va
trinh tu cdc héng héc khdc ma né dan dén su kién TOP.

Nguoc lai, trong phan tich cay su kién, ching ta bat dau tir vai su
kién ban dau va hau qua clia né 1a hang loat su kién xuat hién tiép theo,
dén khi su kién cudi cung xuit hién. Khi gdn mdi nhanh xdc sudt xuat
hién, két qua cudi cung la danh siach dai cdc hau qué c6 thé clia su kién
ban dau trong d6 mdi su kién c6 xac suat lién quan d&n mdi két qua.

9.2 CAC DANG HONG VA PHAN TiCH ANH HUGNG

Cac dang héng va phan tich 4nh huéng (goi tit 1a FMEA) la tha
tuc phan tich dugc st dung phé bién trong giai doan ban dau phat trién
hé thong. Muc dich 14 phat hién cdc héng héc va cdc dang hdéng khic
nhau, xuidt hién  muc do chi tiét, hé théng con va hé théng va danh gia
hau qua cta céc héng héc nay. N6 lién quan dén viéc phan tich hé théng
dé xac dinh 4nh huéng ctia héng héc chi tiét hodc hé thong con dén toan
bo hé théng va c6 khi nang phu hop vé6i cdc ddi tugng va yéu cAu thuc
hién.

FMEA bat dau phéat trién vao nhitng nam 50 cta thé ky trusc khi
phat trién cdc hé thong diéu khién chuyén bay cia luc lugng khong quan
My. Thong thudng FMEA dugc thuc hién trong sudt cac giai doan thiét ké
y tuéng va thiét k& ban dau ctia hé thong dé ddm bdo du bao tat ca cac
dang héng héc c6 thé xdy ra va cdc k& hoach thuc hién dé loai trir tat ca
cac héng héc tiém nang.

Thinh thodng cdc phan tich trang thai t6i han dugc thuc hién
cung v6i FMEA. Trong truong hgp nay bao gom ci chi s6 trang thai t6i
han va tinh khic nghiét ciia hong héc. Phan tich nay con goi 1a cic dang
héng, phan tich 4nh hudng va trang thai t6i han (goi tit 1a FMECA) va
duge phat trién bdi co quan hang khong va vii tru My (NASA). Thuc hién
mot cach toan dien FMECA cho hé thong phic tap 12 mot cong viée ton
nhiéu thoi gian. Tuy nhién tai M§ thd tuc nay rat hiéu qua khi danh gia
do tin cay va né la bit budc cho cdc du 4n ma nha nuéde dau tu.

FMECA hd trg phan tich d¢ tin cay theo so dd khéi va d6 thi du
doan cho muc dich stia chita. Trén thuc t&, cong viéc tao trinh tu du bdo
va st dung céc sb tay bao tri d& hon ddang ké néu nha thiét ké& biét rd cac
chi tiét vé FMECA. Mic d6 chi tiét duge thuc hién v6i FMECA dua trén
muc tiéu cta né. Vi du nghién ctu tién kha thi cia hé thong 16n c6 thé
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tién hanh véi hé thong con chiic ning véi da s6 thiét k& chi tiét da dugc
thuc hién.

Sau d6 FMECA bit dau dugc tién hanh véi cdc héng héc lién quan
dén hé thong con va block. Khi thiét k& chi tiét, FMECA s& dugc cap
nhat, gitp cho xdc dinh cdc dic diém chi ti€t cia hé thong. Da s6
FMECA dugc tién hanh vé6i cdc dang hong héc riéng 1&. Néu mot vai
dang héng héc t6i han dugc phat hién, 4nh huéng dong thoi cia ching
dugc khdo sat riéng biét.

Trinh tu thuc hién FMECA nhu sau:

1. Xéc dinh cdc dang héng héc tiém tang ctia hé théng.

Lién hé cdc nguyén nhan, danh huéng va cudng do ctia mdi dang

héng.

3. Uu tién cdc dang héng lién quan dén xdc sudt xudt hién, tinh
nguy hiém cta ching va bién phap khic phuc.

4. Pua ra cac hoat dong tiép tuc thich hgp va hiéu chinh méi dang
héng hoéc.

9.3 PHAN TICH CAY SU KIEN

Cay su kién 1a su biéu dién d6 hoa tat cd su kién c6 thé trong hé
théng. N6 dugc goi 1a cay bdi gi biéu dién d6 hoa dugc trai rong ra tir tir
c6 hinh dang ciy véi nhiéu nhénh tao bdi s6 cdc su kién ting 1én. N6 dua
trén logic nhi phan, trong d6 su kién dugc cho ring cé xdy ra hay khong,
cac chi ti€t c6 lam viéc tot hay khong lam viéc. Gi6i han chd yéu clia
phuong phap nay 1a phan ti dugc ha bac ting phan khong thé tinh toan
dén. Phan tich nay duge bit dau theo trinh tu nguge v6i FTA. Giad su
ring cic su kién TOP cu thé (héng héc) xudt hién, cdy dang héng x4c
dinh su ké&t hgp khac nhau va trinh tu cdc héng héc khdc dan dén su
kién TOP.

Trong phan tich cay su kién, ching ta bit diu tir vai su kién ban
dau va 1a hau qua cia hang loat su kién ti€p theo dén khi su kién cudi
cung xuat hién. Khi gdn mdi nhanh x4c suat xuat hién, két qua cudi cung
14 danh sach dai cdc hau qua c6 thé cia su kién ban dau trong dé6 mdi su
kién c6 xac suat lién quan dén ching. Trong nhiéu trudng hop, cau tric
clia cay su kién c6 thé dugc don gidn hon nita. Céc tinh hudng nay xuit
hién khi mot su kién riéng 18 nao d6 din dén két qué cudi cung, khong
chd y dén bat ky su kién trung gian nao xay ra sau dé.

Trong 1y thuyét hé thong do tin cay hién dai thi ta st dung kh4i
niém su kién thuong xuyén hon, hong chi 1a truong hop riéng cua su
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kién. Cho nén trong thoi gian gdn day khi phan tich hé théng thuong
thay thé cay dang héng bing cay su kién.

Su kién Miic 1 Mic 2 Mic n

ban dau

Hinh 9.1

Theo quan diém d6 tin cay thi ciy su kién va cidy dang héng biéu
dién du6i dang so d6 khéi chi minh hoa cho cdc méd hinh xdc sudt. Tuy
nhién né dugc quan tdAm dic biét khi van hanh va bdo tri hé théng. Theo
so do nay ngudi kj su khong can cé kién thic vé xdc suat thong ke, cé
thé theo dbi qua trinh va tim dugc phuong 4n phéat trién su kién khong
thuan 1lgi. Ta c¢6 thé du dodn tinh mao hiém mong dgi néu nhu dugc trang
bi cdc thiét bi thong tin s6 tuong tng. Theo cau tric cay su kién ta c6 thé
xdc dinh x4c suadt x3y ra. Dang tdng quét cay su kién trinh bay trén hinh
9.1. Co s6 cta cay la su kién ban dau E, sau d6 1a cac su kién ¢ mdc 1, ky
hiéu E11, Eo1, .., Exi. Trong bai toan do tin ciy thuéng c¢6 hai nhanh Eq;
va Eg; tuong Ung su kién héng va con kha ning lam viéc. Tuong Gng ta c6
su kién céc muc tiép theo. Cudi cay la mot day lién tiép céc su kién va
xac sudt xay ra day su kién nay (hinh 9.2).

Khuyéttat Khuy&ttat Toataukhong Khuy&ttat  Hiéntugng Tratkhéi Xdc sudt
dudng ray  tdi han stta chita dugc  chu ky cong hudng  dudng ray cudi cling
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No 02
0,2
No
0,999 No o
0,995 0.794
Yes o
No 0.8
Yes Y 0,004
0,999 — ——  es A
. 0,005
Yes
Chuyé Yes 0,001
Khuyét tat 0,001
Yes
Yes 0,001
0,001

Hinh 9.2 Céy su kién

Cay su kién chi minh hoa cdc cong thic co ban cha 1y thuyét xéc
sudt. Xdc sudt ting vi tri ky hiéu Ejx v6i chi s6 dau tién 1a s6 su kién, chi
s6 thi hai 14 muic d6 su kién.

Vi du ta khéo sat su kién toa tau trat khéi duong ray. Trén hinh
9.2 1a cay su kién va hinh 9.4 12 cAy dang héng minh hoa cho tinh huéng
héng nay. Su kién dau tién 1a do khuyét tat cia dudng ray, khuyét tat
nay chia ra t6i han va khong t6i han. Trén cAy su kién xdc sudt xult
hién céc khuyét tat d6 1a 0,001 va 0,999. C4c s6 liéu chi chon tuong d6i vi
khong cé s6 liéu vé quang duong di chuyén, thoi gian quan sat...

9.4 PHAN TiCH CAU TRUC CAY DANG HONG

Cong cu hitu ich dé thuc hién phan tich an toan hé thong 14 phan
tich cdu tric cay dang héng (goi tit 1a FTA). FTA 1a k§ thuat thiét k& dé
hoa, né quy dinh cac lua chon so d6 khéi do tin cay.

FTA dugce st dung rong rai trong cong nghiép hang khong va hat
nhan, do lién quan dén do an toan cho con nguvi. Thi tuc FTA 1an dau
tién duge gidi thiéu trong cdc phong thi nghiém cta Bell Telephone lién
quan dén phan tich an toan cia hé thong diéu khién tén lira Minuteman
vao nam 1962. Tiép theo d6 phuong phap nay dugc phat trién béi cong ty
Boeing vao giita nhitng ndm 1960. Ké tir d6, FTA dugc st dung rong rai
dé nghién ctu do tin cay va an toan clia cdc hé thong 16n va phtec tap cho
c4c tng dung chian doan.

Trong khi muc dich FMECA 1a dé phat hién cidc dang héng va dnh
hudng c6 thé, thi FTA cho phéat trién c4u tric ma ti d6 cdc quan hé logic
don gidn c6 thé st dung dé dién td su tuong quan xdc suit giita cic su
kién khac nhau, ma né din dén hdéng héc ctia hé thong. Trong thuc t&
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FTA duge thuc hién truéc FMECA trong cdc truong hgp thiét k&, van
hanh cha hé théng dugc uGe lugng va su lién quan nguyén nhan va anh
huéng didn dén héng héc clia hé thong duge phat hién. FMECA tré thanh
bu6éc can thiét dé€ hiéu ban chdt cia hé thong ma khong can lién quan
dén FTA va phan tich do tin cay.

Nhu thé&, ching ta can phai biét hé théng
lam viéc nhu thé nao trudec khi xay dung cay hé

Su kién TOP
. 8 R hé thong hong
thong. Chic nidng hé théong dugc trinh bay bang |

ham s6 hodc bang biu do tién trinh, trén d6 biéu —
dd thong tin, vat liéu, tin hiéu va cédc dich vu khac Su kign tong hop
dugc biéu thi. Sau d6 biéu do dugc st dung dé xac |

din}l chufii chiic nang khéac nhau, tir gid tri nhap dén Céng AND/OR
xudt. Tiép theo, biéu dd logic duge chuidn bi dé
chuyén cdc quan hé chic ning thanh cdc quan hé

Su kién

logic giita cdc phan ti khdc nhau ctia hé thong. Mot ¢
CO SO

khi su quan hé logic giita cdc phan tif khac nhau cla
hé thong dugc thiét lap thi su lién quan giffa nguyén nhan va anh huéng
khi van hanh hé thong cin phai duge nghién ciu va cay dang héng clia
hé thong dugc phat trién. Trong tam la ching ta phai xdc dinh cac héng
héc nguy hiém va dua né lén thanh su kién TOP cta so dd cau tric cay
dang héng. Phan tich chat lugng gdm c6 phat hién cdc su két hop khac
nhau céc su kién 1a nguyén nhan cta su kién TOP sé xuat hién. N6 c6
thé kem theo su phan tich so lugng dé danh gid xédc suat xuat hién cac su
kién TOP. C4u tric cady dang héng dién hinh c6 dang hinh 9.3.
Hinh 9.3 So db téng qudt
cdu tric cdy dang héng
FTA cta hé thong phtc tap doi héi phdi c¢6 khai niém chinh xdc
vé su lién hé chic nang cla tdt cd cac phan tii, nguyén nhan héng va hau
qua cua chung.

209



Chuong 9

Trat khoi
dutng ray

CSO,O%

0,001 0,004 0,001

Xuat hién
cong hudng

P22 =0,005

Céc khuyét tat
theo chu ky

inh khéng stta
chira toa tau

P11 =0,001 P21=0,8 P31 =0,001
Hinh 9.4 Céy dang héng

Céc ky hiéu st dung trén cdy dang héng trinh bay trén bang 9.1.
Xay dung cau tric cay vé6i hai cdng logic 12 AND va OR duogc st dung dé
quan hé véi céc su kién 12 két qua, co s va trung gian ho#c cdc héng héc
v6i su kien TOP. Su kién thdp nhat 1a c6ng nhap, su kién TOP 1a céng
xudt. Dang c6ng xdc dinh tuy thude vao tat cd cdc su kién nhap phai xdy
ra thi su kién xudt méi xdy ra (cong AND) hoic 1a chi mot su kién thap
x4y ra thi su kién xuit sé xdy ra (c6ng OR).
Bdng 9.1 Cdc ky hiéu cdy dang hdng

Ky hiéu Y nghia

' Hinh chi nhat: Miéu ti su kién héng 1a két qua
tir su két hop logic cac su kién héng qua dau vao

clia c6ng logic.

Hinh tron: Biéu dién su kién héng co sé hoic
dang héng cta chi tiét co ban. Xac sudt xudt hién
su kién héng, dang héng va mdc d6 sta chita thu
dugc tu cac dir liéu thuc nghiém.

Hinh thoi: Biéu dién su kién héng ma cdc nguyén

nhan ctia n6 khong duge phat trién hoan toan do
thi€u quan tAm ho#c thi€u thong tin.

Tam gidc A: Biéu dién chuyén céng nhap va dugc
st dung dé tranh cdc phan doan lip lai cda cay

dang héng.
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i 2 Tam gidac B: Biéu dién chuyén céng xuat va dugc
st dung dé tranh cidc phan doan liap lai clia cay
dang héng.

Céng AND: Biéu dién su kién héng dau ra chi
xudt hién khi va chi khi t4dt cd céc su kién héng

dau vao xay ra.

Cong OR: Biéu dién su kién héng dau ra chi xuat
hién néu nhu mot trong cdc su kién héng dau vao

X4y ra.

Thiét 1ap cay dang héng thuc hién theo trinh tu sau:

1. Bu6c dau tién ctia FTA la xéc dinh su kién TOP, su kién nay gay
nén héng héc nghiém trong ctia hé thong.

2. XAy dung vai cdy dang héng khac nhau nhung tuong duong cho hé
thong dang khdo sdt. Ngoai ra cac su kién TOP kh4c nhau din
dén céc cay su kién khac nhau.

3. Cho mbi su kién TOP chi dinh, mdi su kién c6 thé duge khdo sat
c6 xdy ra hay khong, hodc riéng 1& hosc lién két v6i cac su kién
khac gy nén su kién TOP.

4. Céc su kién tong hop dan dén su kién TOP va cdc su kién thd cdp
gdy nén cac su kién téng hop dugc xdc dinh. Qué trinh tiép tuc
dén khi cdc hong héc thap nhat duge xac dinh.

5. Tap hop cac su kién khi xdy ra tdt cd s& gy nén su kién quan
tam dugc gan cong AND.

6. Tap hgp cdc su kién khi mét su kién nao xdy ra sé gy nén su
kién quan tdm dugc gan céng OR.

Sau day sé trinh bay su chuyén ddi gitta s¢ do khoi va so dd theo
cdu tric cAy dang héng. D6i v6i hé thong gdm 4 phan ti méc noi tiép ta
c6 thé biéu dién 4 so do6 tinh todn do tin cay (hinh 9.5). Hai so do c6 dang
so do khoi (hinh 9.5a, c), 2 so d6 c6 dang cdu tric cay (hinh 9.5b, d). Gach
trén cdc bién logic la su kién d6i nhau. Ky hiéu A va E 1a trang thdi ban
dau va két qua (héng) cta hé. Néu ky hiéu X; 1a bién logic, tuong ting véi
trang thai lam viéc ctia phan ti thi i, S 1a trang thdi lam viéc cta hé
thong thi so @6 hinh 9.5b 1a c4u tric cay héng ctia hé théng, so d6 hinh
9.5d 1a cau tric cay kha niang lam viéc cia hé thong.
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Hinh 9.5
Phan tich tuong tu cho so do hé théng gdm 4 phan ti song song
nhu hinh 9.6.

Hinh 9.6

Trén hinh 9.7a 1a so do cia hé thong hdn hgp. Trén cac hinh
9.7b, ¢, d 1a cdc so do tuong duong dé tinh todn dd tin cay. So d6 hinh
9.7b 1a cay dang héng, so d6 hinh 9.7c 1a so d6 khéi tinh do tin cay theo
xdc suit khong héng, s d6 hinh 9.7d 14 cay khong héng.
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Hinh 9.7
Ung dung cdc nguyén tic trén ta lap so dd khoi cho hé théng

cang may bay hinh 9.8a. C4u tric cady dang héng c6 dang nhu hinh 9.8c.
So d6 hé thong dé d4anh gid va phan phdi d6 tin cdy nhu hinh 9.8b.

Ri1
[ I ‘I::
\ I
\ MRl N
T S I8 5 & S
L1
N‘ W 1L 'H'R2 Wi W2
\ k| R>
a) b)
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Hoéng héc hé thong
cang may bay

A

Hoéng hoc hé N Hoéng hoc hé W Hoéng hoc hé R
théng trudc théng trung tam théng sau
| N | | N |
Hoéng héc banh Hoéng héc banh
A Wi ~ ‘W2
trung tam 1 trung tam 2
[ |
Héng héc R Hoéng héc R
banh sau 1 ' banh sau 2 *

8 8
6000 6000

Hinh 9.8 Phén tich cdu tric cdy dang héng

Hinh vé 9.9b 1a c4u tric cidy dang héng clia hé thong phanh trong
xe 0t (theo so dd hé thong phiic tap hinh 9.9a).

wo}—(ep]
wel [Rrp.|
wC BP,
—
_[wo}——{8P
C

oy {ep.

a) So db khéi hé thong phanh trén xe 6td
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Hé thong
phanh héng

.

Héng hé thong
phanh thuy luc

Héng hé théng
phanh co

Héng hé thong

béanh phanh

Q I

Hoéng héc dém
phanh phia sau

Hoéng phanh
truge trai

Hoéng phanh
truge phai

Hoéng phanh
sau trai

Hoéng phanh
sau phai

() (o

AR R
® @@ @ @ @E

b) Phan tich cdu tric cdy dang héng hé théng phanh
Hinh 9.9

9.5 CUT-SET NHO NHAT

Mot dang khéc cha phan tich dinh lugng 1a st dung cut—set nhéd
nhat (goi tit 124 MC). Cut-set 1a tap hop cac su kién co sé 14 nguyén nhan
xdy ra su kién TOP. Khi tdt cd su kién trong cut-set xdy ra thi su kién
TOP méi x4y ra.

Cut-set 1a tap hop cac su kién chinh, khi xuidt hién 14 nguyén
nhan héng héc hé thong, c6 nghia 1a xay ra su kién TOP. MC la tap hop
nhé nhat cic su kién chinh lam sinh ra su kién TOP néu nhu tat cd céc
su kién cta tdp hop xudt hién. Diéu d6 cé nghia 1a khong c6 su kién
khong lién quan trong tap hgp ma héng héc cia ching khong gép phan
vao su kién TOP. Panh s6 trong MC 1a buéc can thiét dé uéc lugng do tin
cay cta hé thong. Su thé hién MC dua dén nhém két qué dinh tinh nhu
1a c4c diém yé&u ctia hé thong, cidc thanh phan du trit bi héng hoic 1a 4nh
hudng ctia phan ti da cho 1én toan bo do tin cay hé théng. Cac phuong
phdap khac nhau dugc st dung dé xac dinh MC. Mot trong cdc phuong
phép, nhu phuong phap qui nap thi MC xudt phat truc tiép tir cAy dang
héng. Lua chon thit ba bit nguén mot cach tu dong tir biéu do khoi.

Trong phuong phdp cidy dang héng, MC dugc dinh nghia bing
cach bién ddi cay dang héng thanh biéu thic dai s6 boole. Khi d6 mdi
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bién dai s6 boole dugc gdn cho mdi su kién co sd. Su kién xudt clia céng
AND dugc gan bién dai s6 boole bang gid tri nhé nhat cia bién dai s6
boole clia su kién dau vao. Su kién xudt ctia céng OR dugc gan bién dai so
boole bang gia tri 16n nhat cha bién dai s6 boole cia su kién dau vao.
Cudi cung biéu thic dai s& boole thu dugc ti su kién cudi cung khong
mong mudén nhu 12 ham cla céc bién dai s6 boole lién quan dén mdi su
kién co s§. N6 sé thuan tién khi x4dc dinh “bién dai s6 boole” cho su kién
dién hinh A, biéu thi bing Xa, gia tri Xa = 1 néu nhu su kién A xu4t hién
va Xa = 0 néu su kién A khong xuat hién.

Tinh dén c6ng AND véi n su kién dau vao va 1 su kién dau ra A.
Néu n su kién 1, 2, .., n c6 cac bién Xi, Xs,.., Xy, thi su kién dau ra A dugc
x4c dinh nhu 1a tich cta n su kién hoic c¢6 thé néi su kién A s& xudt hién
néu tat ca n su kién dau vao xudt hién. Do d6 ta c6 thé viét:

X\ :ﬁxi (9.1)
i=1

Su kienTOP

[ Mal| | mc| | mcs] . . MCn
Hinh 9.10
Khi X4 biéu dién nhu 1a tich cia 1 va 0, gia tri Xa sé 1a 1 hoéc 0.
Nhu thé& X c¢6 thé xdc dinh nhu 1a gid tri nhé nhat cha X.
Tinh dé&n c6ng OR v6i n su kién dau vao va 1 su kién dau ra B. Su
kién diu ra B dugc xac dinh nhu 12 tdng clia n su kién hodc cé thé néi su

kién B sé& xuat hién khi t4t cd n su kién dau vao xuidt hién. Do d6 ta c6
thé viét:

X =1-] J1-x;) (9.2)
i=1

Gia tri Xg = 1 néu t4t cd gia tri X; = 1. Nhu thé& Xg c6 thé xac dinh
nhu l1a gia tri 16n nhat cha X..

Khi MC dugc x4c dinh, ta st dung ching dé phan tich dinh tinh
cia cay dang héng. Theo dinh nghia, MC bat ky c6 thé dan dén su kién
TOP. Do dé, ta c6 thé xay dung lai cAy bing ciach két néi su kién TOP va
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cong OR, v6i mdi MC biéu dién dir liéu dugc dua vao bing cé6ng OR (hinh
9.10). Theo dinh nghia su xuat hién cia MC dua dén héng héc cha tat ca
cac phan tir (cdc héng héc co sé) ctia tap hgp. Nhu thé cac phan ti riéng
1é cia méi MC dugc két néi qua céng AND. Do dé, theo thuat ngit MC,
bat ky cdy dang héng nao c6 thé biéu dién nhu hinh 9.11. P&i v6i MC
dién hinh bao gobm s phan ti ta c6 thé viét:

Xwmc, =ﬁx§i) (9.3)
j=1
Sv kién TOP
OR
[(MCi]  [MC: | [MCoi] [ MCa]
AND AND AND AND
L S N I LT 9 8

Cdc hdng h6c  Cédc hdng héc ...Cdc hdnghéc  Cédc hdng hoc
cd sd cia MC, cd sdciia MC, c¢d s3 cia MC,.; ¢0 sé cia MC,
Hinh 9.11

Tu cong thic (9.3), Xgi)léa bién dai s6 boole cho phan ti thd j

(héng héc co s¢) néu MC va tat cid cdc phan tit cia MC; duge cho la doc
lap. X4c suat xuat hién MC; dugc xac dinh theo cong thic:

Pyc, = [ [P (9.4)
j=1

trong dé Pj(i) la x4c sudt héng cia phan ti thd j trong i MC (bang gid tri
mong doi Xgi) ).
Bién dai s6 boole tuong ting véi su kién TOP c6 thé biéu dién, su

dung MC, nhu sau:

Xrop = 1—ﬁ(1—xMCi) (9.5)

i=1
T cong thac (9.4) va (9.5) ta thu duge:
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Xrop =1 —11[{1 —ﬁxg“J (9.6)
i=l1

i=1

trong d6 phan ti& thd j cta MCi( Xgi)) dugc xem nhu phan ti [ cta

MCi( X%k) ).

Trong trudng hgp cac phan ti riéng 1& 1a doc lap nhung MC c6
thé khong doc 1lap. Khi vai cut-set déng gép cdc phan tif nhu nhau, ching
s& phu thuodc 1an nhau gitia cdc MC. Su phu thudc nay cé thé tinh dén khi
st dung quan hé sau:

XOX{ = x( 9.7

Goi ¥ nay duge uée lugng bang tich kép:
n S
TP (9.8)
i1 j=1
Chiing ta can phdi nhan xédc suit tdt cd cdc phan ti chi mot lan
ma khong cin xét dén gid tri nhap vao trung nhau.

9.6 UNG DUNG PHAN TiCH HE THONG TRUYEN
PONG THANH HE THONG

Trong modt may bao gbm nhiéu chi tiét, dé tinh toan do tin cay
clia mdy, trudc tién phai phan tich ching ra thanh mot hé thong bao gdbm
nhiéu phan ti. Sau d6 tién hanh phan tich cdu tric cdy dang héng dé
danh gia do tin ciy cla hé théng. Do d6 thay vi xdc dinh d9 tin cay cta
may thi ta sé xac dinh do tin cay cia hé thong.

— B

1
Elj

Hinh 9.12 So db dong ciia hé théng truyén dong
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Ta tién hanh phan tich va thiét k& theo d9 tin ciy cho hé thong

truyén dong co khi dién hinh 1a hop s6 sdu cap toc do, bao gdm céc chi
tiét dién hinh: truc, banh rang, 6 lan, then (hinh 9.12).

Dé tién hanh tinh to4dn theo do tin cay ta thuc hién theo trinh tu

nhu sau [43]:

Can ct vao so dd dong tién hanh xay dung db thi sd vong quay dé
tinh van t6c géc cho cac cdp toc do.

Phan tich cdc chi tiét thudoc hé thong dé xay dung so d6 khoi cha
hé thong truyén dong, tir 46 danh gid hé thong sé& lam viéc theo
so do song song, noi tiép hay phic tap.

Can cd vao cdc dang héng cia chi tiét trong hé thong va so doé
truyén dong hinh thanh ciu tric cAy dang héng ciia hé thong.
Danh gia do tin ciy ctia hé thong theo ciu tric trén.

Ny

Ny G| %

Mz

1]
Hinh 9.13 D6 thi s6 vong quay

Theo hinh 9.12 hé théng gom 10 banh rang duge lip trén ba truc,

trong dé c6 hai khoi banh riang di trugt trén truc I va truc III. Nhu vay

hé thong cho sdu cap tdc do v6i cac vi tri lam viéc sau:

- Vi tri 1 truyén dong tit banh rang 1-2-10-9 cho van téc géc n;

- Vi tri 2 truyén dong tit banh ring 1-2-8-7 cho van téc géc ny

- Vi tri 3 truyén dong tit banh réng 3-4-10-9 cho van téc goc ns

- Vi tri 4 truyén dong tit banh réng 3-4-8-7 cho van téc géc ny

- Vi tri 5 truyén dong tir banh ring 5-6-10-9 cho van téc géc ns

- Vi tri 6 truyén dong tir banh réng 5-6-8-7 cho van t6c géc ng

Do d6 so do dong bé tri dd thi s6 vong quay nhu hinh 9.13.
Trong hé théng truyén dong trén, cdc nguyén nhan gay cho hé

thong héng la do than mAdy, truc, then, banh ring va cac 6 lin héng.

Trong muc nay chi dé cap dén cac phan tir gdy héng héc cho hé théng la

cdc chi tiét truyén dong: truc, then, banh riang, 6 lin. Su héng héc ctia

cdc chi ti€t nay do nhiéu nguyén nhan din dén. Do dé, dé xét tdng quat
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cho cd hé thong ta xay dung so d6 khoi nhu hinh 9.14, trong dé thé hién
tién trinh lam viéc cta hé thong.

Do then c6 do tin cdy tuong do6i cao nén khi phan tich cdu trac cay
dang héng sé& bé qua chi tiét nay va xem bang 1.

Tt so @6 hinh 9.12 trinh bay so b cac vi tri lam viéc ctia hé
thong ti dau vao dén dau ra qua cac chi tiét truyén dong. Do dé, ta thay
rang hé thong sé khong hoat dong (héng) khi mot trong céc su kién truc
(1, 2, 3), cdc then, khoi banh rang (1, 2), nhém banh rang (1, 2) héng.
Nén hé thong truyén dong dugc xem la mot hé thong gdém cdc phan ti
mac noi tiép, song song. Nhu vay dé danh gid do tin cdy ctia hé thong ta
phdi tién hanh danh gid do tin cdy cla ting phan ti trong hé thong dé.
Muén xéc dinh do tin cdy cla tiung phan ti riéng biét thi can ci vao cac
dang héng héc ctia ching dé ddnh gia. Dua vao cdc dang héng héc & trén,
ta c6 so dd cau tric cAy dang héng nhu hinh 9.15.

G

B,} -~
— | Trucl »| Khoi Truc II

BR I

Pau Khéi
< Truc 11l |a— -« Lpo

Hinh 9.14 So d6 khoi cia hé théng truyén dong

Trong so d6 nay, hé thong héng 1a do truc, then, § l4n, khdi banh
rang di trugt, cic nhém banh rang. Trong d6 truc héng la do mot trong
ba truc bi héng, céc truc dugc xem 14 méic ndi tiép nén st dung cong logic
OR nhu so @6, xét tuong tu cho khdi banh rang di trugt. Péi véi cac nhém
banh ring, su héong héc cia méot trong cdc cip banh rang &n khép hong
s& dan dén su hong héc cia tiing nhém, nén cdc cip banh ring #n khép
dugc xem 14 méc song song. 0 day, su héng héc caa tirmg banh rang trong
cip banh ring dn khép 1a do cdc dang hdng clia banh riang va é lin cung
14p trén truc v6i banh riang d6 gy nén. Vi vay dd tin cdy cta cac banh
rang tir 1 dén 10 dugc xac dinh gdm 2 nguyén nhan dugc xem 1a mic noi
tiép gay nén: dang héng clia banh rang do uén va do tiép xic. Mot trong
ba nguyén nhan gay héng héc cho banh ring la do 6 lin dugc xay dung
nhu sau: hé théng c6 tat cd 6 6 lin dugc danh s6 theo so dd truyén dong
hinh 9.12, do d6 su kién 6 1lan héng la do mot trong hai nhém & s& héng
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l1a Bs;, B4 hay Bi, B, Bs, Be. Chinh vi vay céc 6 nay dugc xem la méc néi
ti&p. Cac phan tich trén day dugc xdy dung thanh so db cau tric cay dang
héng nhu hinh 9.15.

D& phan phoi do tin cay v6i gia thanh cho truée ta phai gidi bai
toan t6i uu (chuong 11).

Hé thong
héng

Khdi banh Nhém 1 Nhém 2
ring hong hong hdng

A

DO OO OO
D OE OO
©®

Truc héng

I
Béanh ring
héng (1-10)

N
A
A
OO®OOE

Hinh 9.15 Céu tric cdy dang héng ctia hop téc dé: Tr; (j = 1 = 3) truc thu
Jj; Ci (k=1 +2) khéi bdnh rdng di truot thi k; G; (i = 1 + 10) cdc
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bdanh rang thi i; B, (m = 1 = 6) 6 lan ldp trén 3 truc; DH, (n = 1 +
2) dang héng ciia banh rdang (theo dé bén tiép xic va do bén udn)

9.7 KET LUAN

Dua theo c4u tric cdy dang héng ho#c cidy su kién theo phuong
phédp suy dién ta c6 thé phan tich mdy ho#c hé théng co khi thanh hé
thong. Tuy nhién ciy su kién dugc quan tAm dic biét khi van hanh va
bao tri hé thong. P& danh gia va thiét k& hé thong co khi theo dd tin cay
ta st dung cdu tric cdy dang héng. Sau khi phan tich may hosc hé thong
co khi thanh hé théng ta phan tich d¢ tin c4y tiing phan ti hé thong dé
x4c dinh d6 tin cdy hé thdng hodc phan phdi do tin cay cho titng phan ti
dé€ ddm bdo dd tin cay cho truéc hé thong.

Trong chuong 10, 11 chung t6i sé trinh bay tinh toan thiét k& va
phan tich cac phan ti hé thong (chi tiét may) theo do tin cady dé ddm bao
do tin cay cho truéc hé thong hosic danh gia do tin cay hé thong sin cé.

9.8 BAI TAP
9.1 Phan tich cau tric cAy dang héng cho cdc hé thong truyén dong hinh
9.16.
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6 v

]

M L
4 oL BC

. il Il ] 2
| x X
—-—-—-——-—3 h—
. Ipc i i ]
) d)

1- Pdng co; 2- Bo truyén dai; 3- Hop giam téc
4-B6 truyén xich; 5. N&i truc dan héi; 6- Bang tai
Hinh 9.16 So dé hé théng truyén dong cho bang tdi

9.2 Phan tich c4u tric cay dang héng cho cac hop téc d6 nhu hinh 9.17.

N

Truc cong tac

d) \ —)

Hinh 9.17 Co cdu bdnh rdang di truot

223



CHUONG 10

PHAN TiCH VA PHAN PHOI
PO TIN CAY HE THONG

Trong ky thuat thi cdc chi tiét hodc phan ti lién két thanh cac hé
thong. Céc thiét bi, qui trinh cong nghé, két cdu cong trinh, hé thong giao
thong, thiét bi dién- dién ti.. dugc khdo sat nhu 12 mot hé thong két hop tir
nhiéu phan ti. Cac hé thong phtc tap dugc chia thanh cac hé théng con.
Phan tich d9 tin cay hé théng rat quan trong trong qua trinh thiét k& ky
thuat.

Heé thong theo quan diém do tin ciy cé thé 1a néi tiép, song song
hosc két hop. Vi du dién hinh nh&t ctia hé thong noi ti€p 1a day chuyén
may cong cu tu dong khong cé cdc thanh phan va kho chda du trir. Tuy

A

nhién, khai niém "hé thong noéi tiép" trong cdc bai toan do tin cay '"rong
hon" ma ching ta nghi. Trong hé thong nay thi héng héc clia mot phan ti
dan dén héng héc cia cd hé thong.

Céc vi du cia hé thong song song la cdc hé théng ning lugng bao
gom cac nha may phat dién (nhiét dién, thiy dién ..) trong mang luéi dién
quéc gia, ngay 22/10/2005 Viéet Nam khanh thanh dudng day 500 kV mach
hai, tao thanh hé thong dudng day cao 4p song song ndi lién Bic Nam, may
bay nhiéu motor, tau cé6 hai mdy va cic hé théng du trit.

Nhiéu hé théng dugc tao thanh tir cdc phan t&, ma héng héc cia cac
phan ti nay dugc khio sat doc lap. Tuong ting v6i nhém nay 1a da s§ cdc hé
thong khi khéo sat chinh x4c theo cac héng héc tham sé cla ching.

Hé théng c6 thé bao gdom céic phan ti, thay d6i cdc tham s cla cac
phan tif nay xac dinh sy héng héc cia hé théng tap hop hoidc 1a 4nh huéng
dén kha nang lam viéc cha cac phan ti khac. Tuong ng v6i nhém nay 1a da
s6 cac hé thong khi khdo s4t chinh xéc ching theo cdc héng héc tham so. Vi
du héng héc cdc may cong cu chinh xdc theo tiéu chudn tham s6, mat mat
do chinh xac, 1a thay déi tap hgp d6 chinh xdc clia cdc phan ti riéng biét:
truc chinh, dudng dan huéng ...

10.1 PO TIN CAY HE THONG NOI TIEP VA SONG SONG
10.1.1 P tin cay hé théng néi ti€p

Mot trong nhiing su phu thudc quan trong do tin ciy la su phu thudc
do tin cay hé thong vao do tin cay cac phan ti. Cac vi du hé théng néi tiép
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trén hinh 10.1. Khi mdi phan ti ctia hé théng bi hong thi toan by hé thong
sé bi hong.

7

— RO R(1) R(H) ——

¢) So do heé théng néi tiép
Hinh 10.1 He théng néi tiép

Ta khdo sdt d6 tin cdy cho mé hinh tinh todn don gidn va dic trung
nhit trong nganh ché tao mdy tif n cdc phan ti méic noi tiép, ma & d6 héong
héc ciia mdi phan tir s& gy nén héng héc toan bo hé théng va héng héc céc
phan ti dugc xem nhu l1a doc 1ap vé6i nhau.

Ta st dung ly thuy&t nhan xdc suat, theo d6 xac sudt cla tich, nghia
14 cha su xudt hién dong thoi cac su kién doc 1lap nhau, bang tich xdc suat
clia cdc su kién nay. Do d6, xdc sudt lam viéc khong héng cia hé théng bing
tich x4c suat lam viéc khong héng clia cac phan ti riéng 1é.

Rn(t) = Ri(®)Ra(t) ... Ra(t)= [ [R;(®) (10.1)
i=1
Néu Ri(t) = Ra(t) = ... = Ry(t) thi:
Rni(t) = R{ (t) (10.2)

Do d6, do tin cay hé thong rat thap. Vi du néu hé théng bao gom 10
phan ti v6i xdc suat lam viéec khong héng 0,9 (d6i v6i 6 1an) thi xdc sudt
lam viéc khong héng hé thong la:

Rut(t) = 0,9%° ~ 0,35

Thong thudng xac sudt lam viéc khong héng clia cdc phan tif rat cao,
do d6 né&u ta biéu dién Ri(t), Ra(t) ... Ruy(t) qua xdc sudt héng thi theo ly
thuyé&t phép tinh gan ding ta cé:
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Rut(t) = [1-F1(t)I[1- Fa(t)]...[1- Fo(t)] = 1 - [F1(t) + Fao(t) + ... + Fu(t)] (10.3)

Néu Fi(t) = Fo(t) = ... = Fy(t) thi ta c6:
Rii(t) = 1 - nFa(t) (10.4)
Vi du 10.1

Khao sat hé thong mic ndi ti€p bao gdbm n phan ti bat ky. Néu xac
suat héng cia mdi phan tii 1a F; = 0,05, hay xac dinh xdc suat héng Fy cha
hé théng v6in =1, 2, 3, 5 va 10.

Giai:
St dung cong thie (10.1) ta c6:
Frnt=1-Rn=1-R"
=1-(1-Fp~=1-(0,995)"
Tuong Gng v6i gia tri n ta c6 xdc suat héng trong bang 10.1.
Béng 10.1
n 1 2 3 5 10
Fht 0,05 0,0975 0,1426 0,2262 0,4013
Rt 0,95 0,9025 0,8574 0,7738 0,5987
Vi du 10.2

Két cdu gom hai phan t hinh 10.2a dugc xem 14 méc néi tiép. Két
cau bi héng khi thanh AB hosc 12 day BC bi hdng. Vat liéu thanh AB c6 gia
tri giéi han chdy trung binh G, = 248 MPa, mémen cén udn la dai lugng don
dinh W = 36000 mm?. Phan t& BC la day thép c6 duvng kinh trung binh d
= 25 mm va gi4 tri trung binh giéi han bén 5, = 400 MPa. Gia st ring luc F
= 6000N 1a dai lugng don dinh va khéi lugng cdc phan ti AB va BC la
khong ddng ké. Tinh d tin c4y ctia hé thong, biét ring do bén thanh AB
phan phéi theo qui luat logarit chuidn va c6 hé s6 bién phan la vag = 0,13 va
do bén day BC phan phoi chu:ii_’n v6i hé s6 bién phan vep= 0,14.

C
F=6000N g
b I 1
A B L1 1
[ Thanh AB Thanh BC
’%’
1800 1800 R
a) Két cau b) S dé tinh
Hinh 10.2
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Giai:
a) Xdc dinh xdc sudt lam viéc khong héng Rag thanh AB:
Kha nang tai theo mdémen udn ciia dam AB:
Mgh =5, W = 248.36000 = 8928000 Nmm
Vi d6 bén ti 1&é bac nhat v6i momen udn, do d6 hé sé bién phan cia
tai trong gi6i han sé bang vap, tif d6 sai 1énh binh phuong trung binh:
SMgh= VaB Mgh = 0,13.8928000 = 1160640 Nmm.
Ngoai ra vi do bén phan phdi theo logarit chudn, do d6 mémen gidi
han ciing phan phdi theo qui luat logarit chudn véi sai léch binh phuong
trung binh va gia tri trung binh dugc xdc dinh theo cong thic (2.53) va

(2.54):
Siam,, = JIn@+v35) =0129
mlnMgh = 1H(Mgh)_o’5-S]2nMgh =15,996
Momen 16n nhat sinh ra trong thanh AB:

Map=F % = 6000.%00 = 5400000 Nmm

Diém phan vi thanh AB xdc dinh theo cong thiec:

_ (s =My ) (m'“Mgh ~Minyg )

Z1pB =
\/Slan +SI2nL \/Slangh
__(15996-In(5400000)) _ o,
- 0129 -

Tra bang trén phu luc 1 ta ¢6 Ras = 0,99993593.

b) Xdc dinh xdc sudt lam viéc khong héng Rgc ddy BC:
Do bén tinh theo tdi trong ma day BC c6 gia tri trung binh:
— _ d?_
th = AGb = TCTGb
52
= nZ4OO =7853975N

Vi @6 bén ti 1é bac nhat véi tai trong, do d6 hé s6 bién phan cta tai
trong gi6i han sé& biang vpc. Sai léch binh phuong trung binh cta tai trong
gidi han :

Srgh = Fan vec = 7853,975.0,14 = 1199,5565N

Luc cing day xac dinh theo phuong trinh cin bing mémen doi véi
diém A (hinh 10.2a):

Fye = 0,5F = 3000 N

Piém phan vi day BC:
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(mg—my) :_(th _FBC)

Zipc =~
Jsiest st
_ (7853975-3000) AA145
10995565 ’

Tra bang theo phu luc 1 ta ¢6 Rpc = 0,999994831

¢) Dé tin cdy ciia hé thong:
Vi cdc phan ti AB va BC doc lap véi nhau cho nén ta cé:
Rit = Ras.Rec = 0,99993593. 0,999994831 = 0,99993076

10.1.2 D) tin cay hé théng song song

Trong hé théng khi ndi song song cdc phan ti ngudi ta quan tam
dén x4c sudt lam viéc khong héng ctia toan bo hé thong, tic 1a toan bd céc
phan ti cia ching (hosc 1a cdc hé thong con), hé thong khong ¢6 mot phan
ttr, khong c6 hai phan ti,.. khong c6 n phan ti .. trong giéi han van con giit
cho hé thong c6 kha niang lam viéc, méc du céc chi tiéu khac bi gidm déng
ké. Vi du may bay 2 dong co c6 thé tiép tuc bay khi 2 dong co bi héng: ngay
18/08/2005 mdy bay cia hing hang khong Turkey Airway bay tu Istambul
dén Brussel c6 mot dong co bi héng van bay an toan dén san bay Budapest.

Hinh 10.3a 1a ba ddm sip xép canh nhau dé d5 thanh véi tai trong
ngoai F theo phuong thing ding. Khi mét ddm bi héng thi thanh van con
ding yén. Hinh 10.3b 1a day cdp gém nhiéu sgi cdp nhd xodn lai. Khi mot
sgi cdp nhé bi héng thi cdp vAn con kha ning lam viéc.

Khi d6 x4c suadt hong clia hé thong:

n
Fh(t) = F1(O)Fa(t)...Fu(t) = [ [E) (10.5)
1

trong dé Fi(t) - xdc suat héng cia phan ti thi i.
Khi d6 x4c suat lam viéc khong héng cho cd hé:

n
Ru(t) = 1-Fp(t) = 1- [[E'® (10.6)
1

Khi x4c suit héng cla cic phan ti giong nhau tic la: Fr(t) = Fi(t) va
R(t) = 1 - Fi™(b).

Vi du, khi n= 2; F; = 0,01, suy ra Ry = 0,9999; khi n=3; F; = 0,001,
suy ra R = 0,999999.

Giit kha nang lam viéc cta hé théng tir cdc phan ti giong nhau dugc
xdc dinh véi su gidp d6 phan phdi da thiec:

227



Chuong 10
[R(t) + F(t)]™
trong d6: chi s6 mii m bang sd cdc phan ti lam viéc song song; R(t) va F(t) -
xdc suat lam viéc khong héng va xac sudt héng cia mdi phan ti.

F
Mét cat ngang
*
F,(t
.
F
a) b) Fa(t)

c) So dé hé théng song song
Hinh 10.3 He théng c6 thanh phdn mdc song song

Ta viét cdc két qua khai trién da thie vé6i chi s6 mil 2, 3 va 4 tuong
ting cia hé thong véi (hai, ba va bon cdc phan tif lam viéc song song):

(R+F? =R? + 2RF + F2=1
(R+F)? = R? + 3R?F + 3RF? + F® = 1
(R+F)* = R* + 4R%F + 6R?F? + 4RF3+F* = 1

Céac thanh phan dau tién trong céc da thic khai trién biéu dién xdc
suat lam viéc khong hdng tit cd cic phan ti, cdc thanh phan thd hai - x4c
sudt héng clia mot phan tif va xdc sudt lam viéc khong héng cac phan tii con
lai, hai thanh phan dau tién - xdc sudt héng khong nhiéu hon mot phan ti
(khong héng hodc chi héng mot phan ti).. Thanh phan cudi cung biéu dién
x4c suat hong clia tat ci cdc phan ti.

Khi cac gia tri binh thudong ctia cdc hé s6 bién phan cla tudi tho cac
phén tir v = 0,2+0,8 khong cAn thiét phai tinh cdc phan ti ma tudi tho trung
binh clia chiing 5 14n 16n hon tudi tho trung binh clia phan tif ¢6 tudi tho
thap nh4t. CAn chi y ring d6i v6i hé thong nhiéu phan ti, tudi tho céc
phan tif nay c6 gia tri trung binh gan nhau thi khong can thiét phai tinh t4t
cd céac phan ti. Déc biét khi hé s6 bién phan tudi tho cic phan ti v < 0,4 c6
thé tinh khong qua 5 phan tu.
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10.1.3 Do tin cay hé théng hén hop

Mot vai két cdu la két hgp clia cdc phan tif mic ndi tiép va song
song. Vi du hé théng trén so d6 hinh 10.4 1a hé thong hdn hgp véi 1 va 2
mic song song va két hop cta 1 va 2 v6i phan ti 3 1a hé thong méic néi
tiép.

Hinh 10.4
Vi du 10.3
X4c dinh do tin cay hé théng hdn hgp gom 6 phan ti nhu hinh 10.5a
vOi: R1 = 0,9; Rz = 0,8; R3 = 0,95; R4 = R5 = 0,9 va Rs = 0,98.

Hinh 10.5

Giai:

Hé thong hinh 10.5a sé& dugc thay thé bang hé thong hinh 10.5d qua
cac thay th& hinh 10.5b, 10.5¢c. Trong d6 xdc sudt lam viéc khong héng Rig,
Ri23, Ras, Rigsss duge xdce dinh theo cong thic sau:

Phan tii 1 va 2 méc song song, do dé:

Riz = (1 - Fip) = (1- F1Fy) = (1- (1-F1)(1-Fy))
= (1-0,1.0,2) = 0,98
Phan tit 12 va 3 mic ndi tiép nhu hinh 10.5b, do dé:
Ri2s = Ri2Rs = 0,98.0,95 = 0,931
Phan tit 4 va 5 méc noi tiép, do dé:
R4 = R4R5=0,9.0,9 = 0,81
Phan tit 123 va 45 mic song song nhu hinh 10.5¢, do dé:

Riosas = (1 - Figsas) = (1 - FiasF4s) = (1- (1 - Rio3)(1 - Rys))
=(1-0,069.0,19) = 0,98689
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Phan tir 12345 va 6 méc ndi ti€p nhu hinh 10.5d, do dé:

Rt = RiasasRe = 0,98689.0,98 = 0,9671522

Vi du 10.4

Ta khio sat két cadu thép hinh 10.6. Cac cot d5 dugc cd dinh va dam
dugc lién két bing chét. Tai trong tac dung bao gém tdi trong ding F, =
5000 N va ngang Fg = 8000 N. D& don gidn tinh todn ta gid s ring do bén
nén cdc cot AB va CD 16n hon tdi trong doc truc tdc dong 1én cdc cot nay.
Gia st ring tai trong la cac dai lugng don dinh va do bén la cac dai lugng
ngau nhién. Cho truéc hé s6 bién phan vas = 0,125; vpc=0,14 va vcp=0,125.
Hay xdc dinh gid tri trung binh va sai léch binh phuong trung binh kha
ning tai cia cac thanh AB, CD va BC dé do tin cay két cau R = 0,999.

Fy B c

Cot AB

Dam BC

Co6tCD

L=900

a) Két cdu v6i tdi trong b) M6 hinh phén tich do tin cdy hé théng
Hinh 10.6

Giai:

Dé phan tich d9 tin cay hé thong, két cdu c6 thé biéu dién duéi dang
s0 d6 nhu hinh 10.6b. Hé thong bi héng khi Gng suit sinh ra trong ddm 16n
hon d6 bén dam hoic khi ca hai cot AB va CD bi héng.

Ta goi Fiut 12 xdc sudt héng cla hé thong va Fap, Fec va Fop 1a xéc
suat héng ciia cdc phan ti AB, BC va CD. Vi AB va CD la cac phan ti mic
song song. Khi d6 x4c sudt hong ctia hé thong dudc xdc dinh theo cong thic
sau day:

Fnt = 1 — (1-Fpc)(1-FasFep)
Trong hé théng mic ndi tiép t6t nhat ta nén chon xac suat héng cta
cac phan tit nhu nhau, khi dé:
Fpc = FagFop
Tu day ta co:
Fre = 1 — (1-Fpe)?
ViFn=1-R=1-0,999 = 0,001, do d6:
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Fgec =1-1-F,, =1-0,999 = 5,00126.107*
Fap=Fcp=0,022363497
Suy ra: Rec = 0,999499874 va zipc =-3,1
Ras=Rcp=0,9776365 va zias = zicp =-2,005
900

Mt khdc di€ém phan vi 7,50 =- 4 __ __ 4 _ 3]
2 0,14M
JSEe BC
Tu day gia tri trung binh va sai léch binh phuong trung binh mémen
tai cho thanh BC: M,; = 1987632,5 Nmm; Spc = 278268,55 Nmm.
Mep—HH  Mep -2
Tuong tu ta c6: , 1cD =— 2 __ 2 =-2,005

s2, 0,125Mpc
Suy ra gia tri trung binh va sai léch binh phuong trung binh m6émen
tai cho thanh CD: Mco = 3202668,89 Nmm; Scp = 400333,61 Nmm.

Vi du 10.5

Hé thong cang may bay gdom 18 banh ldp trén 5 xe nhu hinh 10.7a.
Xe truéc N gém 2 banh, 2 xe giita W; va W3 nidm giita than may bay gom 8
banh va 2 xe cudi R; va Rz ndm gin dudi gdbm 8 banh. Héng héc xay ra khi
2 banh truéc héng hodc 1 trong 2 xe giita bi héng hoic ca 2 xe phan dudi bi
héng. Xe trude, hai xe gilta va cip xe dudi tao thanh hé thong néi ti€p. Céc
banh ctia mdi xe xem nhu cdc phan ti mic song song (hinh 10.7b).

Ri
I T 7
| ITRN
| Wisrli, N
S S B 5 &
MLl
N‘ LlssRe Wi W2
| W2 e8| R2
a) b)

Hinh 10.7
S6 cic phan ti trong so dd khoi c6 thé nhiéu hon s& phan ti that

cia hé thong. Vi du nhu gian siéu tinh nhu hinh 10.8a gdm 10 thanh va chiu
luc tinh dinh. Bac siéu tinh bing 1. Gian bi héng khi mot trong cac thanh 1,
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2, 3, 4 bi héng. Ngoai ra gian con bi héng khi mot cép tir cdc thanh 5, 6,...
10 bi héng.

4
Do tin cay cdc phan ti tir 1 dén 4 la HRk (trong d6 Ry 1a do tin
k=1
cay ctia phan tif thi k). Xac sudt khong héng cia mdi cip tir cadc thanh 5, 6,..
, 10 1a R; +R, —R;R, . Khi d6 d0 tin cdy clia hé thong sé la:

4 10 10
R=TIRJ] TR +Re-RRy)
1

k= =5 k=5k#j

So d6 khoi biéu dién gian tinh dinh trinh bay trén hinh 10.8b.

6
9
8
a)
4 15
[ [
N
[ [
5 8 9 b)
Hinh 10.8

10.2 PANH GIA PO TIN CAY HE DANG CHUOI (DAY)
GOM N PHAN TU GIONG NHAU

Kha n#ng tai ctia hé: thong thudng hé théng méc ndi tiép c6 thé
gdm nhiéu phan tir giong nhau (xich kéo hodc xich tdi gdbm nhiéu mit xich,
banh ring goém nhiéu rang ..).

Qui luat phan phoi khd n#ing tai cia chudi bao gom n phan ti giong
nhau tuong Gng phan phéi s6 lugng nhé nhat mau, tic 1a ddy n s6 14y bat
ky ti phan phdi chudn kh3 ning tdi cdc phan t&. Khi ting n thi ky vong
todn va sai léch binh phuong trung binh sé& gidm (hinh 10.9).

Y tuéng cia phuong phap nay la xdp xi qui luat phan phdi kha nang
tai cia hé thong bang qui luat phan phdi chudn. Phan phdi x4p xi va phan

232



Phin tich va phan phdi do tin cAy hé théng

phoi thuc t& khong c¢6 su khac biét ddng ké tai vung trung tAm béi vi viing

phan phdi nay xdc dinh xdc sudt lam viéc khong hong ctia hé thong.
f(Q)

T
ima
0,6 /\
|
\

0,5

0,4

LN
NI g
AN TN
YA N

—4 -3 -2 -1 _0 1

Q

Hinh 10.9 Mdt d6 phdn phéi khd ndng tdi cia chubi phu thubc vao s6 cdc
phén ti
Sau day ta trinh bay phuong phdp dd4nh gid tuong doi don gidn va
chinh x4c hon dé danh gia do tin cdy ctia hé thong gom nhiéu phan tit giong
nhau, khi kha n#ng tdi va tai trong dugc phan phdi chuin theo cid hé thong.
M

4 1
n=1
1,0
/ [
3 0,8 — 5
/ L —T 10
— 20
2 / 0,6 — ————50
4 ————+— 5w
1900 103
/ 0.4 =10
1 =T —1¢
0,2
0 10 102 108 104 105 N 0 A ) 3 Z,
a) b)

Hinh 10.10 Cdc théng sé phén phéi khd ndng tdi ciia hé théng:
a) vi tri; b) dé phdn tdn

Gia st quy luat phan phoi kha ning tdi clia cdc phan ti Sk va tai
trong tdc dong 1én hé thong L 14 phan phdi chuidn véi ky vong todn mgk va
my, va sai léch binh phuong trung binh Sgk va Si. Khi d6, gid tri cia ky vong
todn mg va sai léch binh phuong trung binh Ss cia khd ning tdi hé thong sé
nhé hon gi4 tri cia cdc phan ti. Do d6, gid tri Ss vA mgs c¢6 thé xédc dinh
bang cong thic sau:
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ms = msk — 1 Ssk (10.7)

Ss = &Ssk (10.8)

trong d6: p va & - cdc hé s6 (u >0; 1 > & > 0) phu thudc vao s6 phan ti n cia
hé thong, ngoai ra & con phu thudc vao z; (hinh 10.10).

Ta goi p 1a tham s6 vi tri va € 12 tham s6 phan tdn. Gid tri p va ¢
xdc dinh theo d6 thi hinh 10.10, bang 10.2 ho#c c6 thé xac dinh gin ding
theo cong thic:

pn=1,48,/In(n)- 0,69 (n>2)
u=0((khin=1)

g (1 -0,102z;) (khi g < 0,5)

g0 - (1 - g9)z1 0,102 (khi £ >0,5)

€

m
]

Béng 10.2
€

[n p z1=-0,525 z1=-1,281 z1=-1,645 71=-2,326 z1=-2,575

(R=0,700) (R=0,900) (R=0,950) (R=0,990) (R=0,995)
11| 0,000 1,000 1,000 1,000 1,000 1,000
0,545 0,830 0,848 0,857 0,873 0,878
51 1,129 0,684 0,707 0,723 0,752 0,761
10 | 1,499 0,594 0,632 0,650 0,684 0,684
15| 1,694 0,558 0,596 0,642 0,652 0,662
20 | 1,824 0,533 0,573 0,593 0,630 0,643
30 | 1,998 0,505 0,544 0,565 0,603 0,618
40 | 2,116 0,484 0,527 0,550 0,586 0,599
50 | 2,204 0,469 0,513 0,533 0,574 0,588
60 | 2,274 0,463 0,503 0,526 0,560 0,581
80 | 2,371 0,450 0,498 0,516 0,558 0,570
100 | 2,462 0,436 0,474 0,503 0,541 0,558
150 | 2,604 0,419 0,457 0,484 0,523 0,538
200 | 2,701 0,408 0,452 0,474 0,511 0,520
300 | 2,833 0,394 0,434 0,454 0,493 0,515
400 | 2,923 0,380 0,427 0,448 0,489 0,507
500 | 2,992 0,377 0,420 0,436 0,485 0,496
1 000 | 3,200 0,360 0,400 0,420 0,460 0,470
2 000 | 3,390 0,350 0,380 0,400 0,430 0,440
5000 | 3,640 0,330 0,360 0,380 0,410 0,420
10 000 | 3,810 0,320 0,350 0,360 0,400 0,410
20 000 | 3,990 0,300 0,330 0,350 0,370 0,380
50 000 | 4,210 0,270 0,320 0,330 0,360 0,370
100 000 | 4,350 0,270 0,320 0,320 0,330 0,340
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Thong thudng khi xac dinh p va ¢ ta chon z; =-1,28 (R = 0,9). Khi
d6 diém phan vi dé tinh x4c sudt lam viéc khong héng cho cd hé:
Mg —m_ _ Mg —pSq —M,

— _ (10.9)
boses? J(eSh +92)
. . S S S 3
Né&u thay thé: vg = —% ; vg =—S; vi=—= va hé s6 an toan:
mgy Mg mp
1 = Msk
mp,
thi: mg = mgk(1- pvsk) (10.10)
SVSk ( )
Vs = 10.11
P I-pvg
_ n(l-pvg)-1

)= — (10.12)
,l(snvSk) +vi

Chd y rang p va e phu thudc vao zi, cdc tinh todn theo cdc cong thic
(10.9) va (10.12) tién hanh theo phuong phdp x4p xi tudn tu. D& 1ay gan
ding 14an dau tién dé xdc dinh p va e ta nhan dugce z; = -1,281 (tuong Gng x4c
sudt R = 0,9000).

Két qua tinh toan theo cong thic (10.12) bang cach thay cac gid tri p
va ¢ 14y tir bang 10.2 véi nhiing gid tri ﬁ, vsk, vi, khdc nhau dugc dua trén
bang 10.3.

Béng 10.3
n 1,5 1,5 1,5
Vsk 0,05 0,1 0,1
VL 0,2 0,1 0,2
N 1 10 100 1 10 100 1 10 100
z1 2,34 | -1,88 | -1,54 | -2,77 | -1,97 | -0,97 | -3,54 | -2,93 | -2,13
P(SzL) | 0,990 | 0,970 | 0,938 | 0,997 | 0,976 | 0,834 | 0,999 | 0,998 | 0,983

Bang gia tri trén cho phép danh gid do tin cay hé thong dang chudi
khi phan tén tdi trong theo hé théng trong pham vi thay ddi rong 16n kha
ning tdi cha cdc khau trong chudi, tdi trong trén chudi va s6 khau trén
chubi.

10.3 PO TIN CAY HE THONG CO THANH PHAN DU TRU

Trong ché& tao may st dung cic bién phap vé két ciu, cong nghé va
van hanh van khong dat dugc do tin cAy cao cho cdc thiét bi. Khi d6 nguovi
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ta phai st dung cdc thanh phan du trit € nang cao do tin cady. Nhat la doi
v6i cdc hé théng phiic tap nhiéu khi tidng d6 tin cdy cdc phan tif van chua
dat dugc do tin cay can thiét cho hé thong.

Su du trit cho phép ta ting do tin cdy hé thong lén nhiéu bac.

Nguoi ta thudng st dung cdc phuong phép sau:

1. Su du trit c6 dinh vé6i cdc phan ti du trit chay cung tai nhu may bay 4
dong co, tau thiy cé 2 may, may bay c6 nhiéu may dién, trong 6t6: 2 hé
thong bdi tron; 2, 3 hé thong che chén...

2. Su du trit v6i cac phan tif du trit khong tai: hé théng thang may gom 3
thang mdy dé du trit khi ¢c6 1 thang mdy bat ky héng ho#c ca 3 cung
lam viéc gio cao diém; 2, 3 hé thong phanh trong xe hoi; cdc role tu
dong trong cdc hé théng cung cap dién...

3. Du trif v6i cdc thanh phan du trit 1am viéc véi ché do tai trong nhe hon.

Vi du cdc may moéc quan trong trong mot nha may thuong c6 2 hoac 3
may, trong cdc day chuyén tu dong cé cac bon chita, kho du trit nguyén liéu,
bo tich trir d& khi mot thiét bi trong day chuyén bi héng day chuyén van
lam viéc binh thuong.

St dung cédc chi tiét du trit & kho, st dung céc banh xe du trit. Thiét
ké& cdc bén, tram xe gdm nhiéu xe 12 mot trong nhitng bién phap ting do tin
c4y trong giao thong van tai.

10.3.1 Khi du trit cé dinh (cidc phin t& mic song song)

Ching t6i da trinh bay hé thong mic song song trén muc 10.1.2.

Trong trudng hop hé thong c6 a phan ti mac ndi ti€p va b phan ti
c6 cic thanh phan du tri, khi d6 do tin cay hé théng:

Theo ly thuyét xdc suit:

Rii(t) = Ra(t)Rp(t) (10.13)
Do tin cay clia a phan tif méic noi tiép:

a
R,0=] R
1
Do tin cay cia b phan ti mic song song:
Rb(t):ﬁ[l_Fj(t)]
1
Do d6:

a b
Ry =] Ri®] [11-F®] (10.14)
1 1
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F(Y) F(h)
| H(t) - Rit) o H(t) { }‘ ' .{ }
Fit) F'(t)

a phéan ti

b phan ti
Hinh 10.11 Hé théng cé thanh phdn du trit tung phdn

10.3.2 Du trit c6 cac thanh phan du trid lam viéc khi thanh
phan chinh bi héng

Su déng mé cdc phan tit du trit c6 thé thuc hién bang tay hodc tu
dong. Vi du nhu céc bd dung cu cit du trit trong cdc may cit kim loai, cac to
hop du trit trong hé thong dién qudc gia...

Trong trudng hop su héng héc phan phdi theo ham s6 mil vé6i gid tri
At nhd khi do tin cdy cac phan ti tuong d6i cao thi xdc suidt héong cia hé
thong sé biang:

[IE®
Fri(t) ~ L (10.15)

n!

Néu cac phan t giong nhau Fi(t) = F(t):

n A"
Pty ~ Fr o OO (10.16)
n! n!

Cong thic trén chi ding khi tidt mé cac phan ti du trit c6 do tin cay
tuyét doi. Khi d6 xac sudt héng n! 1dn nhé hon so véi truong hop du trit co
dinh. X4c suidt héng nhé hon cé thé gidi thich 14 do s6 cdc phan ti chiu tai
song song it hon. Néu hé thong déng mé cdc thanh phan du trit khong dang
tin cay thi dung hé théng du trit dang nay khong t6t. Do dé, cdc thanh phan
du trit phai dugc kiém tra dinh ky.

10.3.3 Do tin cay hé thong cé phan ti thay thé trong thi gian
phuc héi phan td bi hong
Gia sl ta goi A - cuong d6 héong cia phan ti, A, - cudng do héng cta
phan ti du trii, tr - thoi gian stia chita trung binh.
X4c suat lam viéc khong héng:
t
R(t)=e ™ (10.17)

trong dé:
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R:£P+ 1_& (10.18)
A+t

Trong hé théng tu dong st dung cac kho chiia, cac kho chia nay chia
qui trinh céng nghé ra thanh cdc cum riéng 1. Khi d6 héng héc mot phan
tir nao dé trong day chuyén cong nghé thi n6 khéong lam ngiing hoat dong
toan bd day chuyén ma chi lam ngiing hoat dong cia cum thiét bi chita phan
tir d6. Po tin cay day chuyén cang cao khi kho chita cang 16n.

Vi du 10.6
Hiéu qué cia cdc phuong phdp du trit néu ra trong vi du sau: Tinh
toan do tin cay gdm 4 phan ti véi xdc suat khong héong Ri(t) = 0,9.
Giai:
1. Mdc noi tiép
DPoi v6i hé thong méc noi tiép:
Rut(t) = Ri*(t) = 0,9* ~ 0,65
Funi(t) = 0,35

R(t) R(t) R(t) R(t)

1 2 3 4

Hinh 10.12 Hé thong mdc néi tiép

2. Khi mdc hé thong song song (thém 4 phdn ti hinh 10.13)
Doi v6i hé thong méc song song:

Rui(t) = 1- Fi(t) = 1 - (0,35)(0,35)=0,88
3. Khi hé thong cé thanh phdn du tri khong tdi va déng md tuyét doi tin
cdy

Do tin cay cia hé thong xdc dinh theo cong thic:

2 2
me=1-5§9z1-$?w094

Thanh phéan chinh
——1 R() R(H) R(t) R()

2

r———n r———n r———n r———n

L4 RO F--4 RO -1 RO -—1 RM -

Thanh phan dy trii

Hinh 10.13 Hé théng cé thanh phdn du trit la mot hé thong khdc

4. Khi hé théng c6 cdc thanh phdn du trit cho cdc phdn ti riéeng biét
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Do tin cay cua hé thong xdc dinh theo cong thic:
Ru(t) = (1- F1%(t))* = (1-0,1%)* = 0,96
Né&u cdc thanh phan du trit khong lam viéc va hé théng déng mé cé
do tin cay tuyét doi.
2 2
Ru®) = [1- T~ 1 20 1o~ 0,08
n!

Thanh phan chinh

Thanh phan dy trii
Hinh 10.14 Hé théng c6 thanh phdn du trit cho cdc phdn ti riéng
biot
5. Khi hé thong cé kho du trit

Né&u ta diat kho vao gilta cdc may trén thi do tin cAy nim giita 0,65
va 0,81.
Kho du tri

R R® —( — RO R ——

Hinh 10.15 Hé théng cé kho du trit

10.3.4 Do tin cay hé théng khi cdc thanh phan du tri lam viéc véi
ché& dé tai nhe hon
Trong trudng hop cdc phan tif du trit c6 do tin cay cao v6i A 1a cudng
do héng ctia thanh phan chinh va A1 1a cudng do héng thanh phan du trii.
Khi dé xac suat khong héng khi cé6 1 phan ti du trit:

R(t) = 1- K(X+k1)t
2!
Khi 2 phan ti du tri:
Rt) =1 - x(x+x1)$x+2xl)t

3
Khi 3 phan ti du tri:

_ MR 240+ 3)

Rit) =1
4

Khi m-1 phan ti du tri:
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) k(k+k1)...[k+(m—1)Kl]t
m!

Rty =1

10.4 TINH TOAN PO TIN CAY CUA HE THONG KET
HOP PHUC TAP

Trong ky thuat nguoi ta thong thuong sit dung mot hé thong két hop
phiic tap, hé thong nay khong nén dua vé dang hé théng mac néi tiép hoic
song song, vi du hé thong giao thong, hé thong cac chi tiét mdy trong cum
may ho#c mdy, cdc phan ti trong hé thong truyén dong dién - dién ti, thay
luc va khi nén.. Khi dé ta cAn mot sé phuong phap dé xac dinh do tin cay
cta hé thong. Vi du nhu hé thong hinh 10.16, day 1a mot hé théng cha yéu
tir 2 phan ti AA', duge du trit béi hé thong BB'. Ngoai ra con ¢6 thém mot
phan t& du trit phu X, 1a phan ti du trit cho cdc phan ti A va B va lam cho
hé thong tré nén phic tap.

Sau day lan lugt ta sé khdo sat ba phuong phdp dé xac dinh d9 tin
cay hé thong két hop phic tap gom: phuong phdp xic suit cé diéu kién,
phuong phap danh s6 va phuong phép cut-set.

Hinh 10.16 Hé théng cé thanh phdn du tri phic tap

10.4.1 Phuong phap xac suit cé diéu kién

Dé tinh toan cdc hé thong phiic hgp tuong tu nhu vdy nguvi ta si
dung dinh 1y vé xdc suit hoan toan Bayes. Dinh ly nay c¢6 dang nhu sau:
Fht = FrniX khong héng)Ry + Fu(X bi hong)Fy (10.19)

trong d6: Ry va Fyx — tuong tng 1a xdc sudt con kha ning lam viéc va xdc
sudt khong con kha ning lam viéc ctia phan ti X. C4u tric cong thic dé
hiéu, béi vi Rx va Fy c6 thé biéu dién nhu phan thdi gian tuong tng véi
truong hop khi phan tit X con kha ning va khong con kha niang lam viéc.

Nguoi ta xdc dinh x4c sudt héng ctia hé thong khi phan tit X con kha
ning lam viéc (hinh 10.17) 1a tich ctia xac suidt héng cta cad hai phan ti A’
va B’.

Funt (X ¢6 kha nang lam viéc) = FaFp = (1-Ra)(1-Rp) (10.20)
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X4c sudt héng clia hé théng khi phan tit X khong con kha ning lam
viéc (hinh 10.17):

Fit (X khong con kha nang lam viéc)= FaaFse = (1-RaRa’)(1-RgRp) (10.21)

E—(&

Khi X hdng \ Khi X khong hdng

Hinh 10.17 Phén tich so dé xdc dinh Qs

X4c sudt hong ctia hé théng trong dang tdng quat:
Fnt = (1-Ra)(1-Rp)Rx + (1-RaRa)(1-ReRp)Fx
= (1-Ra)(1-Rp)Rx + (1-RaRa)(1-RpRp)(1-Ry)
= (1- Ra'-Rp + RaRp)Rx+ (1- RaRa-ReRe+ RaRaRgRe)(1-Ry)
= 1- RaRa-ReRp+ RaRaReRp + (- Ra'-Rp + RaRp + RaRa +ReRs
- RaRaReRp)Rx
Rht = RARA' +RBRB'—RARBRA'RB'+RXRA'+RXRB'—RXRA’RB'-RARXRA' -RBRXRB'
+ RARBRX RA'RB'
Trong cdc hé thong phtc tap hon ta tién hanh st dung cong thic
Bayes nhiéu lan.

10.4.2 Phuong phap danh s6

Co s chia phuong phdp ddnh s6 dua trén su quan sat mdi phan ti
cia hé thong dang & trang thai lam viéc hodc trang thai héng. Chung ta
d4dnh s¢ tdt cd cdc trudng hop c6 thé xdy ra bing cdch k&t hgp tat ca cac
diéu kién cta céc phan tif khac nhau cia hé théng. Céc truong hgp ma khi
d6 hé thong con khd niang lam viéc dugc xdc dinh khi kiém tra. Do tin cay
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cta hé thong duge xdc dinh theo dd tin cAy cta tdt cd cdc truong hgp ma hé
thong con kha ning lam viéc.

St dung phuong phép nay dé xac dinh do tin cay hé thong cho trén
hinh 10.16.

Béng 10.4

Mb t4 hé thong Céc truong hop va diéu kién | Trang thai hé thong
cho céc chi ti€t khdc nhau O - Khong héng
F - Hong

Khong chi tiét bi | 1. ABXA'B 0]
héng

Mot chi tiét bi héng . ABXAB’
.A BXAB
.AB XAB
.ABX A'B’
.ABXA’ B’

Hai chi ti&t bi hdng ABXA'B’
. ABXAB
. ABXA'B
. ABXA’B'
.A BXAB
.ABXA'B
.ABXA’B'
.AB XA'B’
.ABXA’B'
.ABX A'B'

© o N[ ®> ;A W N

Tl e e T e e =
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30. AB XA’B' F
31. ABX AP F
Nam chi tiét bi héng | 32. AB X A' B' F

Gid sl ta goi kh3 ning lam viéc clia mot phan ti X cla hé théng la
X va khi héng la X. Cac truong hop x3y ra cha hé théng xic dinh trén
bang 10.4.

Do d6 do tin cdy ctia hé thong sé la:

Rt = Xdc sudt cdc trudng hop: 1-15, 19, 23-25.

Biéu thic x4c dinh c6 thé viét dui dang sau:
Runt = RaReRxRaRp + (1-Ra)RsRxRaRp + Ra(1-Re )RxRaRp
+ RARB(l- Rx)RA’RB’ + RARBRx(l-RA’)RB’ + RARBRxRA'(l—RB’)
+ (1-Ra)(1-Rp)RxRaRp + (1- Ra)Re(1-Rx)RaRp + (1-Ra)ReRx(1-Ra)Rp:
+ RaRsRxRa(1-Rp) + Ra(1-Rp) (1-Rx)RaRp + Ra(1-Rp)Rx(1-Ra)Rp
+ Ra(1-R)RxRa'1-Rp) + RaRp(1-Rx)(1-Ra)Rp + RaRp(1-Rx)Ra(1-Rp)
+ Ra(1-Rp)(1-Rx)Ra(1-Rp) + (1-Ra)Re(1-Rx)(1-Ra)Rp:
+ (1-Ra)(1-Rp)RxRa(1-Rp) + (1-Ra)(1-Rp)Rx (1 - Ra)Rp:

Sau khi rat gon tré thanh:
Rht = RARA'+RBRB'-RARBRA'RB'+RXRA'+RXRB'-RXRA’RB*-RARXRA‘
- RBRXRB'+ RARBRX RA'RB'

10.4.3 Phuong phap cut-set

Néu so v6i phuong phdp xdc suit c6 diéu kién va phuong phap danh
s6 thi phuong phdp cut-set dugc st dung rong rai hon khi tinh todn do tin
cay cta hé thong. Phuong phép cut-set dugc sit dung thuin tién cho viéc tng
dung mdy tinh trong tinh toan thiét k& va mot hé thong phuc tap dugc phan
thanh cédc hé thong don gidn hon. Phuong phap cut-set dua trén chia cit hé
thong thanh cac tap hop (set) bao gdm nhiéu phan ti, ma khi tdp hop (set)
nay hong sé din dén su héng héc clia toan by hé thong. Tap hgp nhé nhat
dugc chia ra bao gdm cdc phan tif ma khi tadp hop cdc phan tif nay bi héng
s& dan dén su héng héc ctia toan by hé thong. Piéu d6 cé nghia 1a néu mot
phan tir bat k¥ clia tap hop nhé nhat khong bi héng thi hé théng vin khong
bi héng. Trinh tu thuc hién sau day dugc chdp nhan khi tim kiém dd tin cay
cta hé théng st dung phuong phép cut - set.

1. X4c dinh tap hgp nhé nhat cha hé thong.
2. M6 hinh cdc phan tit trong t4p hop nhé nhat phai song song, béi vi
theo dinh nghia hé théng chi bi héng khi ma mdi phan ti bi héng.
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3. Gia st rang cdc tap hgp dugc mic noi tiép, vi héng héc clia mot tap
hop bat ky sé dan dén hong héc ctia toan by hé thong.

4. Tim d6 tin cidy cda hé thong si dung mo hinh vira néi ti€p vira song
song nhu trén budc 2 va 3. Can cha y rang khai niém cta hé thong
maic ndi ti€p khong duge sit dung truc ti€p, béi vi mot phan ti c6 thé
nam trén nhiéu tap hop khéc nhau.

| B']

=1
B
y T

Iyt

Cs C,
Hinh 10.18

Ta st dung phuong phdp nay dé€ xdc dinh d9 tin cay cta hé
thong nhu hinh 10.16 theo phuong phép cut - set.

Theo khdo sat thi ba t4p hgp nhé nhat trén so dé6 hinh 10.16 1a C;
(gdm ba phan ti A, X va B), Cs (gom ba phan ti A’, X va B), C3 (gom ba
phan tir A va X va B’) va C4 gdm hai phan tir A’ va B’ nhu hinh 10.18.

Theo ly thuyét xdc sudt, xdc suidt héng cia hé thong noi tiép cac
phan tit khong doc lap duge xac dinh theo cong thic sau:

th = P(C1U CzUC3UC4)
= P(C)+P(C2)+P(C3)+P(C4)-P(C1nC2)-P(C1nCs)-P(C1nCa)-P(C2nCs)
- P(CzﬁC4)- P(CgﬁC4)+P(C1ﬁCzﬁC3)+P(C1ﬁC2(WC4)+P(C1ﬂC3ﬁC4)
+ P(CzﬁC3ﬁC4)-P(01002003004)

X4e suat héng cla tiing thanh phan duge x4c dinh theo cong thic:
P(Cy) = F(A) FX)F(B)

P(Cy) = FIA)FX)F(B)

P(Cs) = FIA)FX)F(B)

P(Cy) = F(A)F(B)

P(C1nC2)= P(C1)P(C2) = F(A)F(B)F(X)F(A")

P(C1nCs)= P(C1)P(C3) = F(A)F(B)FX)F(B’)

P(C1nCy)= P(C1P(Cy) = FLA)F(B)FX)F(A)F(B’)

P(C2nC3)= P(C2)P(Cs) = F(A)F(B)FX)F(A)F(B’)

P(C2nCy)= P(C2)P(Cy) = FBFX)F(A)F(B’)

244



Phin tich va phan phdi do tin cAy hé théng
P(C3nCy)= P(C3)P(Cy) = F(AFX)F(A)F(B’)
P(C1nC2nCs)= P(C1)P(C2)P(Cs3)= F(A)F(B)F(X)F(A")F(B’)
P(C1nC2nCy)= P(C1P(C2)P(Cy)= F(A)F(B)F(X)F(A)F(B’)
P(C1nC3nCy)= P(C1P(C3)P(Cy)= F(A)F(B)FX)F(A)F(B’)
P(C2nC3nCy)= P(C1P(C2)P(C3)= F(A)F(B)F(X)F(A)F(B’)
P(C1nC2nC3nCy)= P(C1)P(C2)P(C3)P(Cy)= F(A)F(B)F(X)F(A")F(B’)

Trong cac cong thic trén F(X) 1a xdc suat héng cia phan ti X. Can
chi ¥ riang n&u mdi phan ti ndm trén cac tap hop khac nhau thi xac suit
héng ctia phan ti duge thé hién mét 1an. Vi du phan ti B va X nam trén céc
tap hop C; va Cz cho nén R(C1nCs) dudc tinh cho mbéi mot F(B) va F(X) tic
la R(C1nC2)= FLA)F(B)FX)F(A”)

Tu day suy ra:

Funi= FA)FX)FB) + FIA)FX)F(B) + FIA)FX)FB’) + F(A)FB’)
- FIA)F(B)FX)F(A”) - FIA)F(B)FX)FB’) - (A)F(B)FX)F(A)F(B’)
- FIA)F(B)FX)F(A)F(B’) - FB)FX)FA)F®B) - (A)FX)FA)F(B’)
+ FLAFB)FX)FA)F(B’) + F(A)F(B)IFX)F(A)F(B’)
+ F(A)F(B)FX)FA)F(B’) + F(A)F(B)FX)FA)F(B’)
- FLA)F(B)FX)F(A)F(B’)
trong dé: F(X) = 1- R(X)

Tir day suy ra xac sudt lam viéc khong héng ctia hé thong:
Rht = RARA' + RBRB' - RARBRA'RB' + RXRA' + RXRB' - RXRA’RB' - RARXRA'
- RBRXRB' + RARBRX RA‘RB'

10.4.4 Vi du

Sau day trinh bay cdc vi du phan tich hé thong cho cdc hé thong
trong may.

Vi du 10.7

Mot hé thong phanh trong xe 6t6 bao gom hé théng phanh thiy luc
va hé thong phanh co (phanh ding). Hé thong phanh thiy luc bi hong khi
xilanh chinh bi héng (su kién M) bao gém cdc dudng 6ng thiy luc ho#c ca
bon don vi banh ham bi héng. Pon vi bdnh ham bi héng khi cdc banh thay
luc bi héng (su kién WC;, WCs, WC3 va WCy) hodc bo phdn dém phanh bi
héng (cac su kién BP;, BP2, BP; va BP,). Hé thong phanh co bi hdng khi hé
thong day phanh bi héng (su kién C) ho#c cdc bo phan dém phanh phia sau
bi héng (su kién BP; va BP,). So d6 khdi cdc phan tit hé théng phanh nhu
trén hinh 10.19. Vi hai hé théng phanh mic song song, tuy nhién cé hai
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phan ti BP3; va BP, dung chung nén ta khdo sat ching nhu 1a mot hé thong
phtic tap. Gia st do tin cdy ciia mdi bd phan banh thiy luc va dém phanh la
nhu nhau va c6 gia tri tuong dng R(WC) = 0,95 va R(BP)=0,90. D6 tin cay
R(M) = 0,99, R(C) = 0,95.

WC| BP |
BP,

™
BPg,
BP |

Hinh 10.19 So do6 khoi hé thong phanh trén xe 6td

Ta st dung phuong phdp xéc suat c6 diéu kién. Trong bai todn nay
ta phan tich hé thong nay theo bon truong hgp theo hai phan ti BP3 va BP,
(hinh 10.20):

- BP;5 héng, BP4 khong héng.

- BP;5; khong héng, BP4 hong.

- BP3 va BP4 h6ng.

- BPs; va BPs khong héng.

j
—{wel—BR}—

(W]
[c

a) Trudng hgp 1

B
BRj—

i

¢) Trudng hop 3 d) Truéng hgp 4

Hinh 10.20 Cdc truong hop khdo sdt

Truong hop I:

Gia st trong truong hop I phan ti BP; héng va BP4 khong hong. Xac
sudt xdy ra trudong hop nay: Pi= [1-R(BP)]R(BP) = 0,09. Do tin cay cua hé
thong phanh thiy luc trong truong hgp nay:

Rr = ROM){1-[1-R(WC)R(BP)I?[1-R(WC)1}

Thay cac gid tri s6 vao ta c6: Rr = 0,988959262.
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Do tin cay cia hé thong co 1a R(C) (dd tin cay ctia day phanh) béi vi
phan tit dém phanh BP4 khong héng.
Hai hé thong thiy luc va co lam viéc song song, do dé do tin ciy cta
hé thong dugc x4c dinh theo cong thiic:
Ri = 1-[1-R¢][1-R(C)] = 0,9999447963

Truong hop II:
Gia sl trong trudng hop II phan ti BP, héng va BP3; khong héng.
B&i vi dd tin cay cha mdi bd phan banh thay luc va dém phanh 1a nhu nhau,
do d6 truong hgp II tuong Gng truong hop I va:
P =P1=0,09 va Rp = Ry = 0,9999447963

Truong hop III:

Gia st trong truong hgp III phan ti BP3; va BPs bi héng. X4c suat
x4y ra truong hgp nay: Pm= [1-R(BP)]? = 0,01. Hé thong phanh co khong con
kha nang lam viéc, do dé do tin cay ctia hé thong bing do tin ciy cta hé
thong phanh thiy luc:

Rinr = Rr = ROM){1-[1-R(WC)R(BP)?} = 0,96918525

Truong hgp IV:

Gi4 st trong trudng hop IV cac phan tir BP; va BP, khong héng. Xac
sudt xdy ra truong hop nay: Py= R(BP)?=0,81. P9 tin ciy ctia hé thong
phanh thay luc trong truong hgp nay:

Rf = ROM){1-[1-R(WC)R(BP))I’[1-R(WC)]?} = 0,989947962

Do tin cay ctia hé théng co dugc xdc dinh phu thudc vao do tin cay
cia day phanh R(C). Do tin cay ctia hé thong xdc dinh theo d9 tin ciy cla
hé thong phanh thiy luc va hé thong co:

Riv = 1- [1- Rel[1-R(C)] = 0,99045
Do tin cay cia toan bd hé thong:
Rht= PIRI + PHRH + PIHRIH + PlvRIV = 0,982956808
= 0,09.0,9999447963+0,09.0,9999447963+0,01.0,96918525+0,81.0,99045
= 0,991856

Véi diéu kién:

Pr + Pu + Pt + Py = 0,09 + 0,09 + 0,01 + 0,81 =1

Do tin cay hé thong phanh thidy luc:

R¢ = ROM){1-[1-R(WC)R(BP))1}* = 0,989562369
Do tin cay hé thong phanh co:
Rim = R(C){1-[1-R(BP)]?} = 0,9405
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Néu hai hé thong nay khong c6 phan ti dung chung thi do tin cay
hé thong dugc xdc dinh theo cong thic sau:
Rit = 1- (1-Rp(1-Rw) = 0,99937861

10.5 NANG CAO PO TIN CAY CUA HE THONG

Van dé bo tri do tin cay cé quan hé véi viéc xdc dinh do tin ciy ctia
cac phan tif riéng 18 sao cho do tin cdy clia toan bo hé thong bing mot gid
tri nao dé trong khi théa man cac rang budc vé khoi lugng, thé tich va gia
thanh. V4An dé nay ta thudng géip phai trong giai doan thiét ké&. Do tin cay
clia hé thong dugc nang cao tir gid tri hién hanh Ry 1én gi4 tri Ro + dRo bang
cach nang cao dod tin c4y clia mot hodc vai phan ti trong hé thong. Trong
muc nay ta nang cao do tin cdy ctia hé théng bing cdch nang cao do tin cay
clia phan tit dé& bi héng nh4t. Cac diéu kién rang budc vé khdi lugng, thé
tich va gia thanh can dugc xem xét dén khi chon phan ti thich hgp dé nang
cao do tin cay. Trong muc nay trinh bay cdc trinh tu c6 thé nang cao do tin
cay cha hé thong. Trong chuong 11 ching tdi sé trinh bay cac phuong phap
phan phdi t6i uu do tin cay hé thong.

10.5.1 Nang cao do tin cay hé thong néi tiép
Gia st rang dd tin cay ctia hé thong Ro + dRo c6 thé dat dugc bing
cach nang cao do tin cay ctia mot phan ti nao dé. Khi dé:
Rht + dRht= R1 Rz ...Ri.1 (Ri+dRi)Ri+1...Rn
n n
= [ IR+ R @Ri; i=1.2..n (10.22)

j=1 j=Lj#i
trong dé6: R; 1a do tin cAy cha phan ti thd j; dR; 1a khodng ting do tin cay
cia phan ti thi j.

Tuy nhién:
Ry =] [R; (10.23)
j=I
Tu d6 suy ra:
dRhl e e
dR; = ;v6ii=1,2, ., n (10.24)

—
[Ir

J=Lj#
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1. N&u khéng cé rang buoc

Né&u khong c6 diéu kién rang budc, ta chon phan tif c6 do tin cay
thap nhat cia hé thong dé nang cao do tin cay. Ty s6 thay déi do tin cay R
cia hé thong lién quan dén do tin cidy Rk cia phan ti thi k xac dinh theo
cong thic sau:

n
Ru - TR =2 veik=1,2,.,n (10.25)
Ry j=1,j=k Ry

Phén tit d& bi héng nhat (c6 do tin cdy thap nhat) thi i sit dung dé
nang cao do tin cdy dugc xdc dinh theo cong thic sau:

Rt = max {&J (10.26)

Khi d6 tin ciy ctia phan ti thd i ting dR; thi do tin ciy cta hé théng
tang dRu:

dR,, =dR;dR, HRj (10.27)

=1,
2. Néu c6 rang budc

Thong thudng nang cao dd tin cady cha tiung phan ti lién quan dén
khoi lugng, thé tich va gia thanh. Gii si rang gia thanh trén mot don vi do
tin cay phan t thi i 1a ci. Khi d6 bai toan sé dugc phat biéu nhu sau:

Tim khodng tdng dé tin cdy dR; phdn ti thi i cdn thiét dé ndng cao
do tin cdy cia hé théng sao cho gid thanh cidR; tdng it nhdt.

Gij s rang do tin cay cia hé thong dugc tang tif Rns 1én Rp + dRig
hodc 1a tang do tin cAy cia phan ti thd i tir Ri 1én R; + dR;, hoidc 1a phan ti
j tu Rj lén Rj+de.

Theo cong thic (10.24) néu khong c6 bat et rang budc nao:

n n
dRy, =dR; [ R, =dr; [ R (10.28)
k=1,k=#i k=1,k#j

Tu d6 suy ra:

Ri _gr R
R. IR,

1

dR,

dR; = NigR, (10.29)
R;
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Gia thanh lién quan dén viéc ting dd tin ciy hé thong Ru: + dRnut
dugc biéu dién theo cong thic:

cdR, =| S ¢,dR, (10.30)
iR,

Diéu dé chiing t6 ring gid thanh lién quan viéc ting do tin ciy cta

phan ti thi i s nhé hon phan ti thd j néu nhu ciRi < ¢;R;. Do d6 phan ti

thit i s& duge chon do gia thanh ting nhé nhat, dugec xdc dinh theo cong

thc:
¢;R; = min c.R; (10.31)
=12,.n 1
v6i dR;i dugc xac dinh theo cong thic (10.24).

10.5.2 Nang cao d6 tin cay hé théng mic song song

Do tin cay chia hé thong mic song song Ry dugc xdc dinh theo d9 tin
cdy céc phan ti thi i theo cong thic sau:

n
Ry =1-]Ja-R)) (10.32)
i=1
Gia sl rang d0 tin cAy ctia hé thong cé thé dat dugc 1a Ry + dRne
nhd vao su ting do tin cdy clia mot phan ti bat ky. Khi dé:
Rt + dRnt = 1 — (1-Ry) (1-Ry)... (1-Ri1) (1-R; -dRi) (1-Ris1)... (1-Rp)

l—[ ﬁ(l—Rk)}(l—Ri —dR;)

k=Lk#i

n n
1I-JJa-Rp+dR;| JJA-Rp|;i=1,2,.,n (10.33)
k=1 k=Lk=i

Tu hai ¢6ng thic trén ta suy ra:

R = Rn g9 4 (10.34)

1 n ’

[Ta-RrRy
k=L;k=i

1. Néu khéng cé rang buoc

Néu khong c6 diéu kién rang budc, ta chon phan ti c6 do tin cay
thap nhat ctia hé thong dé nang cao do tin cay. Ty s6 thay déi do tin cay Ro
cia hé thong lién quan dén do tin cidy Rk cia phan ti thi k xac dinh theo
cong thic sau:
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Ry _
R,

n 1-Ry ..
| |(1—Rj): ;voik =1, 2,.., n. (10.35)
j=Lijzk I-Ry

Phan ti dé bi héng nhat (c6 do tin cay thap nh4t) thi i st dung dé
nang cao do tin cdy dugc xdc dinh theo cong thic sau:

1R - i |12 Rw (10.36)
1-R; k=l2..n 1-R,

Khi d6 tin cAy cia phan ti thd i tang dR; thi do tin ciy ctia hé théng
tang dRnt:

dry, =dR; [ R, (10.37)

jolij
2. Néu c6 rang budc

Thong thudng nang cao dd tin cay chia tiung phan ti lién quan dén
khoi lugng, thé tich va gia thanh. Gia si rang gia thanh trén mot don vi do
tin cay phan ti thi i 1a ¢;. Khi dé ta phai tim khodng ting do tin cay dR;
phan ti thi i cAn thiét dé nang cao do tin cay cta hé thong sao cho gia
thanh ¢;dR; ting it nhA4t.

Gia st rang dd tin cay ctia hé thong dugc tang ti Rp; 1én Ryt + dRne
ho#c 1a tang do tin cdy ctia phan ti thd i ti Ri 1én R; + dR;, hoac 14 phan ti
j tu R; 1én R;+dR,;.

Theo cong thic (10.34) néu khong c6 bat ci rang budc nao:

dR,, =dR; [Ja-r)=dr; [Ta-rp) (10.38)

k=1k#i k=1,k#j

Tu d6 suy ra:

dRi n B B dRJ n ~
(1—Ri)1k:!(l Rk)_(l—Rpg(l R
Hodic: dR; = =R gr. (10.39)

(1-Rj
Gia thanh lién quan dén viéc ting d0 tin cay hé thong Rni + dRnt
dugc biéu dién theo cong thic:

¢.(1-R))

cdR. =——~-— Y ¢.dR. 10.40

P9 CJ(].—RJ) JURN ( )
Diéu dé chiing t6 ring gid thanh lién quan viéc ting do tin ciy cta
phan tif thd i s8 nhé hon phan tir thi j néu nhu ¢ (1-Ri)< ¢j(1-R;). Do dé,
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phan ti thi i s& dugc chon do gid thanh ting nhé nhat, duge x4dc dinh theo
cong thic:

yeee

j=L2,..n

v6i dR; duge xac dinh theo cong thic (10.34).

10.6 PHAN PHOI PO TIN CAY HE THONG

Theo cac yéu cau vé dic tinh lam viéc ctia hé théng, bao gbm ci do
tin cay, c4dc chuyén gia vé do tin cdy va céc kj su thiét k& can phai lua chon
cac yéu cAu dic trung cho tiing phan ti riéng 1é ctia hé thong, gdm ca do tin
cay. Bai todn dua ra cédc yéu cAu vé do tin cay phu thudc vao cdc nhan to
cing nhu mic do quan trong cta ting phan ti chd yéu trong hé théng,
phuong phdap ma hé théng thuc hién cdc chic ning ctia minh, d9 phuc tap
ctia hé thong va phu thudc vao tinh chat cia chiic nang dugc thuc hién.

Céc yéu cAu do tin cAdy va su phan phéi gifia cdc phan ti hé thong
dugc thuc hién theo trinh tu sau:

1. Nha thiét k& phai tim hiéu va hiéu rd su lién hé giita cac mic do do tin
cay ctia hé théng, hé théng con va phan ti.

2. Nha thiét k& can phdi khdo sit do tin cdy ngang hang véi cac tham so
khéc ciia hé thong nhu khéi lugng, gid thanh, va cdc dic tinh ky thuat.

3. Khi doi héi do tin cAy cao clia nguoi dit hang thi két cAu phai dugc nang
cao, st dung ciac phuong phép gia cong, thit nghiém hién dai va sip xép
cac phan ti trong hé théng mot cach hop ly.

Gitta do tin cay clia cdc phan ti va cha hé thong c6 su phu thudc
ham s sau day:
f(R1, Ra, . . ., Rn) > Rut (10.42)
trong d6: Ri — xdc suat lam viéc khong héng cda chi tiét thid i; f — quan hé
ham s cia do tin cay giifa cAc phan ti hé thong; Ru - dd tin ciy yéu clu
cta hé thong.

DPoi v6i hé thong méc noi tiép va song song thi quan hé ham so giita
cdc phan tir da dugc biét. DPoi véi cdc hé thong phic tap thi xdc dinh su
quan hé ham s6 nay rat khé khian va trong mot sé truong hop ta khong thé
x4c dinh dugc bing cic biéu thic toan hoc don gidn. N&u xéc sudt lam viéc
khéng hong phu thudc thoi gian, thi ta khdo sdt Ru va Ri 1a cdc ham phu
thudc vao thoi gian t.

Gia thuyét ring cac phan tif cia hé thong doc lap v6i nhau, va héng
héc ctia bat ky mot phan tif nio s& dan dén héng héc ctia toan bo hé thong
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(c6 nghia 12 hé thong mic ndi ti€p) va cudng dd héng clia cdc phan ti la
khong dé6i. Khi dé:
Ri(t)Ra(t). . . Ra(t) = Rue(t) (10.43)
Gia sl ring A; la cudng do héng ctia phan tif thi i, va An 12 cudng do
héng ctia hé thong. Khi d6 bat phuong trinh 10.43 trd thanh:
e Mgt g7l > et
Tu day suy ra:
A +A, +o A, <Ay,
Sau day ta khdo sat mot s6 truong hgp phd bién phan phdi do tin
cay hé thong.

10.6.1 Phuong phap phan phéi déu

Theo phuong phap nay cdc phan ti trong hé théng cé do tin cay nhu
nhau. N&u d6 tin cdy cta hé thong 1a Ry va dd tin cAy cua tiing phan ti la
Ri thi ta c6:

n
R, =] [R; =R}
i=1
1
Tir day suy ra: R, =(R,)" (10.44)
Vi du 10.8
Mot hé thong thong tin lién lac gom 3 hé thong con (may phat, may
thu va thiét bi ma héa). D& hé thong lam viéc thi mbi hé théng con phai
lam viéc. Gia s ring chi phi cho mdi hé théng con nhu nhau. M&i hé théng
con can c6 do tin cay la bao nhiéu dé cho xac sudt lam viéc cho toan bo hé
théng 12 R = 0,8573?

Giai:
Theo phuong trinh (10.44) ta cé:
1 1

R, =(R,,)? =(08573)3 =095
Do d6 mdi hé théng con trong hé thong lién lac cAn c6 xac sudt lam
viéc khong héong 1a 0,95.

10.6.2 Phuong phap phan phdi cé trong sé (phuong phap
Arinc)

Cédc hé thong con mic ndi tié€p va cé cudong do héng khong ddi. Khi
thuc hién theo phuong phdp nay ta phai biéu dién d9 tin cay can thiét qua
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cuong do hong. Néu A* 1a cudng dd héng ciia hé thong con thd i, va A 12
cuong do hong doi hoéi clia hé thong.

n

DN <y (10.45)
i=1

Phuong phédp doi héi thuc hién theo cdc buGce sau:
1. X4c dinh cudng do héng ctia hé thong con A; theo két qua quan sat hoic
danh gia theo cac dit lidu sdn co.
2. DPua vao trong s6 w; doi véi mdi hé théng con tuong tng véi cudng do
héng xéc dinh trén buéc 1. Trong s6 w; xdc dinh theo cong thic sau:

w M ,i=1,2,..,n (10.46)

1_211:Ki
i=1

Thod maén diéu kién:
n
ZWi =1
i=1

3. Tinh todn cudng do6 héng yéu ciu cho hé théng con thi i theo cong thic
sau:

* .
7\41 =Wi7"ht’ 1= 1, 2, ey n.

Do d6 theo phuong phédp nay ta xdc dinh cudng d6 héng cho cic hé
théng con theo céc gid tri trong s6.

Vi du 10.9

Khao sat hé thong gom ba hé théng con, cudng do héong tuong tng
v6i mbi hé thong con 1a: A1 = 0,005, Az = 0,003 va A3 = 0,001. X4c suit lam
viéc khong héng yéu ciu ctia hé thong 1a Ru: = 0,95 sau 20 gid lam viéc. Xdc
dinh x4c suat lam viéc khong héng cin thiét cia mdi hé théng con.
Giai:

Theo cong thic (10.46) ta xac dinh cac gia tri wi:

o 0.005 0555
Zn:x 0.005+ 0,003+ 0,001
i=1
wy o2 0,003 0333
o 0.005+ 0,003+ 0,001
D
i=1
wy= 3 - 0,001 ~0111
o 0.005+ 0,003+ 0,001
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Biét ring:
R, (20) =™ =095
Suy ra: Ans = 0,00256
Do d6 cudng dd héng cta cdc hé thong con c6 dang:
A¥1 = wiknt = 0,555.0,00256 = 0,00142
A¥9 = Woknt = 0,333.0,00256 = 0,000852
A¥3 = wshnt = 0,111.0,00256 = 0,000284
Khi d6 x4c suat lam viéc khong héng clia tiing hé théng con s& la:
R!(20) = (00014220 _ g g7
R;(20) = ¢"*000852 _ g 98
R%(20) = ¢(-0:00028420) _ () g

10.6.3 Phuong phiap AGREE

Phuong phdap AGREE phic tap hon cdc phuong phap da trinh bay,
duge st dung trong tinh todn d6 tin ciy cdc linh kién dién t& nganh hang
khong. Gia st ring hé théng mic ndi ti€p va cdc phan ti héng doc lap véi
nhau va cé su phan phdi mii thoi gian lam viéc cho dén ldc héng.

Céc phan t phiic tap duge x4dc dinh tuong Gng véi su lién két theo
so d6. Chi s& quan trong ctia phan tit va hé thong con dugc xdc dinh qua xéc
suat héng ctia hé thong néu nhu hé thdng con cu thé nao d6 bi héng. Chi sé
quan trong cda hé thong con wi = 1 ¢6 nghia 1a hé thong lam viéc héng khi
hé théng con bi héng. Chi s6 quan trong w; = 0 c6 nghia 1a héng héc clia hé
thong con khong anh hudng dén kha ning lam viéc cia hé thong.

Mb6i phan ti ctia hé théng con c6 mot déng gép nhu nhau vao kha
ning lam viéc khong héng cta hé thong. C6 nghia 1a cuong do héng ctia mbi
phan tif trong hé thong con la bing nhau. Néu Aiti nhé thi ta c6 thé tinh gan
ding e ™% ~1-A.t;, khi d6:

1712

n —[ xi]t —Nw;
Ry =][Ri®=¢ ‘= / =e¢ i
i=1
Ti day suy ra cudng do héng doi véi phan ti thi i c6 dang:
_ ny[~InR,, (1)]
Nw;t; ’

A

1

i=12,..,n, (10.47)
trong dé: t — khodng thoi gian lam viéc yéu cau ctia hé thong; t; — khodng

thoi gian lam viéc yéu cadu ctia hé théng con thi i trong thoi gian lam viéc
cia hé thong (0 < t; < t); n; — s6 phan ti trong hé thong con thd i; N — tong
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s6 phan ti trong hé thong: N:Zni ; wi — chi s6 quan trong cia hé thong
con thi i (xdc sudt hong clia hé thong khi hé thong con thi i bi héng); Rui(t)

— xdc suat lam viéc khong héng yéu cau cia hé thong trong thoi gian t.

X4c suat lam viéc khong héng ctia hé thong con thi i trong khodng

thoi gian t; duge xac dinh theo cong thic:
n
1-[Ry(OIN

R;(t;))=1- (10.48)

1
Cong thiic trén sé khong chinh xdc néu nhu chi s§ quan trong ctia hé
thong qud nhd. N6 cho két quéd tuong doi chinh xdc néu nhu gia tri w; cda hé

théng con gin bang 1.

Vi du 10.10
S6 lidu ctia mot hé thong gom bon hé thong con trong bang 10.5.

Bdng 10.5
S6 hé théng con | S6 phan ti trong | Chi s6 quan trong | Khodng thoi gian
hé théng con nj Wi lam viéce t;
1 15 1,00 10
2 25 0,95 9
3 100 1,00 10
4 70 0,90 8

X4c sudt lam viéc khong héng ctia mdi hé thong con la bao nhiéu dé ddm
bdo xdc sudt lam viéc khong héng ctia hé théng 1a R = 0,96 trong thoi gian
10 h.
Giai:
Téng s6 phan ti trong hé thong:
4

N=>"n;=210

i
Cuong do héng nhé nhat cho phép d6i v6i ciac hé thong con:

_18=In0.95] _ 5 110366
1721012010
}“2 = w = 0,0007]_4
210.0,95.9
Ay = 100~ 0,95] _ 0,002442
210.10.10
70[-In 0,95
= 70[-In0.95] _ 0,002377
210.0,90.8
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Theo cong thiic (10.48) ta tim cdc gid tri xdc sudt lam viéc khong
héng ctia cac hé thong con.

15
_ 210
R,(10) =1 - 1210177 _ 99635
E
_ 210
R,9) =1 1[0 _ 99974
095
100
_ 210
Ry(10) =1- % — 097587
LO
_ 210
R, @8 =1- 17O _ 498116

0,9
Dé kiém tra ta xac dinh xdc suat lam viéc khong héng ciia hé thong:
Rit = 0,99635.0,99274.0,97587.0,98116=0,94723
Gid tri nay nhé hon do tin ciy doi hoi do sai s6 khi tinh toan va do
chi s6 quan trong cia hé théng con 2 va 4 nho hon 1.

10.7 BAI TAP

10.1 Tim d6 tin c4y cha hé thong trén hinh 10.21. Khi Rs = 0,95; Rg = 0,98;
Rc=0,75; Rp=0,85 va Rg = 0,90.

Hinh 10.21

10.2 S4u phan tit giong nhau dugc sip x&p theo hai phuong phap khac nhau
nhu hinh 10.22. X4c dinh phuong phap nao c¢6 do tin ciy cao hon.

]
& o

Hinh 10.22

10.3 X4ac dinh do tin cay hé thong theo so d6 hinh 10.23a va 10.23b
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10.4 X4c dinh do tin cay cia hé thong hinh 10.24.

.
0,99
0,80
Hinh 10.24

10.5 Tim d9 tin ciy cda hé thong nhu hinh 10.25 sau st dung phuong phap
ddnh s6 v6i Ra = Rg = 0,95; Rc = Rp = Rg = 0,99.

Hinh 10.25

10.6 Tim do6 tin ciy ctia hé théng nhu bai tap 10.5 theo phuong phap xac
suat c6 diéu kién.
10.7 Tim d6 tin cay cda hé thong nhu bai tap 10.5 theo phuong phép cut-set.

10.8 X4c dinh d9 tin cady hé thong nhu trén hinh 10.26 sit dung phuong phép
dénhS6V6iRA=RB=Rc=RD=RE=RF=RG=RH=O,9.

LA ] 1 G|
C D
E F
(B | (H |
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Hinh 10.26

10.9 X4c dinh do tin cidy hé thong bai tap 10.8 bang phuong phép x4c suit
c6 diéu kién.

10.10 X4c dinh do tin cay hé théng bai tap 10.8 bing phuong phép cut-set.

10.11 Tinh to4n do tin cidy hé thong so d6 hinh 10.27 theo phuong phép cut-
set.

Hinh 10.27
10.12 Tinh d6 tin cay hé théng hinh 10.27 theo phuong phéap xdc sudt cé
diéu kién va phuong phap danh so.

10.13 X4c dinh do tin cdy hé théng nhu trén hinh 10.28a va b. Biét rang Ra
= 0,85, Rg = 0,9, Rc = 0,9; Rp = 0,95 va Rg = 0,85.

Hinh 10.28
10.14 X4c dinh d0 tin cay hé thong nhu trén hinh 10.29a, b, ¢ va d. Biét
ring Ra = 0,85, Rg = 0,9, Rc = 0,9; Rp = 0,95 va Rg = 0,85, Rr = 0,9. So
sanh va chon so d6 tot nhAat.

—{c} { D]
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Hinh 10.29

10.15 Hai dang phan ti, mot dang c6 cudng do héng 1/10*h (dang A) va
dang khéc c6 cudng do héng 1/10°h (dang B) dugc sip xé&p song song.
N#am phan ti dang A dugce sédp x&p song song tao thanh hé thong X. Tim
s6 nhdé nh4t cla cdc phan ti dang B dé tao mot hé théng Y méc song
song va c6 do tin cay nhu hé théng X.

10.16 Mudi phan tir giong nhau méc song song dat dugc do tin cay cho hé
thong 1a 0,9. X4c dinh s6 c4dc phan ti thém vao hé thong song song dé do
tin cay dat 0,95.

10.17 Hé théng maic ndi ti€p bao gom 5 phan ti véi cuong do hong tuong
ting la 0,0005, 0,0001, 0,0008, 0,0004 va 0,0002/h. Tim d6 tin cidy cua hé
théng trong 200h.

10.18 Giai bai toan 10.17 trong trudng hop hé théng mac song song.

10.19 Mot hé thong méc noi tiép gom 5 phan ti véi cuong do héong 0,0001,
0,0003, 0,0002, va 0,0008/h. Tim d6 tin cay hé thong khi lam viéc 100h.
Néu ta ting d6 tin cay cia hé thong trong 100h 1én 5%, chon mot phan
ti va cudng do héng méi clia né theo cac diéu kién sau:

a. Khi khong c6 rang budc gia
b. Khi mot don vi do tin ciy dugc tdng 1én kém theo su ting lén cha
gia thanh 500000 VND, 400000 VND, 600000 VND, 1000000 VND
va 800000 VND tuong Gng véi cdc phan ti 1, 2, 3, 4 va 5.
10.20. Tuong tu bai 10.19 v6i 5 phan ti mic song song.
10.21 Hé thong bao gom 5 hé théng con mic noi tiép. Xac sudt lam viéc
khong héng ctia hé théng 1a 0,99 trong thoi gian lam viéc 10h. Céc di
liéu cho trong bang 10.6:

Bdng 10.6
Hé théng con S6 cac phan ti, ni Chi s6 quan trong, wi | Thoi gian lam viéc, ti
1 25 1,00 10
2 80 0,97 9
3 45 1,00 10
4 60 0,93 7
5 70 1,00 10

Sit dung phuong phdp AGREE tinh d6 tin cdy cho cdc hé thong con.
10.22 Mot hé théng phiic hgp bao gdbm 6 hé théng con vé6i cac chi tidt duge
dua ra trong bang 10.7:

Bdng 10.7
Hé thong S6 phan Thoi gian lam | Xac sudt hé thong bi héng do su
con (i) tu (ni) viéc (ti, h) héng héc clia hé théng con i
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(wi)
1 4 10 1,0
2 12 5 0,95
3 8 20 0,8
4 20 15 0,90
5 16 25 1,0
6 6 30 1,0

Tim cudng do héng ctia cidc phan ti cla ciac hé thong con khac nhau
dé do tin cay cda hé thong la 0,095 st dung phuong phap AGREE.
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THIET KE TOI UU THEO PO TIN CAY

T6i uu héa giff vai tro quan trong trong thiét k& hé thong co khi.
Trong thiét k& tiing phan ti hodc hé thong ching ta quan tAm tdi viéc do
tin cay dat gia tri 16n nh&t khi c¢6 cac rang budc vé khoi lugng hoac gia
thanh nhé nhat trong gi6i han cta do tin cdy hé théng co khi. Trong cac
bai toan thiét k& két c4du co khi hoidc xay dung, dd tin cdy dua trén co sé
do bén la rat quan trong.

4.00+01
3.73+01
2.47+01
3.20+01
2.93+40
2.67+0
2.40+0
21340
1.87+0
1.60+0
1.33+0
1.07+0
8.00-01
5.33-01
2.67-01
9.32-03]

a) Thiét ké ban ddu

4.00+01
3.73+00
3.47+01
3.20+00
2.93+0
2.87+0
2.40+0
2.13+0
1.87+0
1.60+0
1.23+0
1.07+0
8.00- 01
5.33-01 5330
2.67-01f 2.67-01
9.32-0] 179-07

b) Thiét ké toi uu v6i R = 0,99
Hinh 11.1 Thiét ké t6i uu trén co sé dé tin cdy
Do su canh tranh thi trudng nén cic san phdm thiét k& khong chi

4.00+01
3.73+01
3.47+01
3.20+01
2.93+0
2.67+0
2.40+0
21340
1.87+0
1.60+0
1.33+40
1.07+0
8.00-01

théa man cdc chi tiéu vé kha nang lam viéc, ma con phai thiét k& toi uu
theo d6 tin cdy véi muc dich dat do tin cdy, an toan cao nhat, vat liéu
dugc st dung it nhat. Phuong phdp thiét k& t6i uu dua trén co sé do tin
ciy (Reliability- Based Design Optimization — RBDO) khong nhiing ning
cao chat lugng thiét k& ma con ting khodng tin cdy cho thiét k&, lam
gidm gid thanh sdn xuit va cai tién mau ma tot hon.



Chuong 11

Ung dung phuong phap thiét k& t6i uu dua trén co s§ do tin cay
trong cac bai toan thiét k& két cau co khi trinh bay trén hinh 11.1.

Trong chuong nay dau tién trinh bay van dé t6i uu hoa va cac bai
toan thiét k& dua trén co sé do tin cay dugc trinh bay nhu 14 cdc bai toan
t6i uu hod. Téng két cac phuong phip khac nhau hién c6 dé gidi quyét
cac bai todn thiét k& t6i uu. Qua cdc vi du minh hoa trinh bay chi tiét
viéc tinh todn céc phuong phap t6i uu phd bién. Gi6i thiéu cdc phuong
phap do6 thi, phuong phép nhan ti Lagrange, phuong phap ham phat va
phuong phdp qui hoach dong. Céc vi du minh hoa lién quan dén thiét ké
t01 uu trén co sé do tin cdy cua cdc chi tiét may va két cdu cong trinh va
phan phéi do tin cay t6i uu cho cac hé théng nhiéu phan ti.

11.1 KHAI NIEM THIET KE TOI UU

11.1.1 Qu4 trinh thiét k& t3i wu

T6i uu héa 1a quéa trinh dat dugc két qua tot nhat dua theo céc
tinh huéng qui dinh. Muc dich céc trinh tu thiét k& thong thuong l1a tim
ra thiét ké& thich hgp va ching chi don thuan théa man cdc doi héi chic
niang bén trong nhiing rang budc cua cac gi6i han sdn c6. Cdc trinh tu
thiét k& t6i uu nham vao viéc tim kiém cdc bién thiét k& theo huéng tao
béan thiét k& t6t nhat (trong cdc ban thiét k& thich hgp) théa man tat ca
cac rang budc yéu cau.

Tao mé hinh thiét k& t8i uu
- Bién thiét ké&

- Muc tiéu thiét ké

- Rang budc thiét k&

Y
Giai bai toan thiét k&

- Phuong phap phén tich
- Phuong phap do thi

- Phuong phap sé

A
Phan tich k&t qua t8i uu
- Sy t8i uu

- Tinh kha thi

- B6 nhay

- Sy cai tién

|
Hinh 11.2 Qud trinh thiét ké toi uu
11.1.2 Bai todn thiét ké& t6i uwu
Bai toan t6i uu téng quat c6 dang sau:
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d
d,
Tim X =y (11.1)
dn
dé f(X) dat gia tri nhé nhat.
biéu kién rang budc la:
h;(X) < 0; i=1,2, ., n;
1xX) = 0; k=1,2,., nk (11.2)

d'<d;<dd; i=1,2,.,n.
trong d6: d; — bién thiét k& thi i; X — vécto cla cdc bién thiét ké&; f — ham
muc tiéu; hj — ham bat dang thic rang budc; lx- ham déng thic rang budc;
n- s6 bién thiét ké; n; - s6 ham bat ding thic rang budc va ny 14 s6 ham
déng thic rang budc.

Bién thiét ké& hay con goi la bién quyét dinh hosc bién diéu
khién dugc diéu khién béi ngudi quyét dinh va cé dnh huéng 16n dén 15i
gidi clia bai todn t8i uu. K&t hgp cédc bién thiét k& khic nhau ta c6 cac
bai todn t8i uu khac nhau. Cac bi€n thiét k& c6 thé la:

- Bién lién tuc.

- Bién la s6 nguyén, vi du sd rang banh ring va dia xich...

- Bién roi rac tit mot day s6 tiéu chudn, vi du duong kinh than
truc...

Muc tiéu thi€t ké& thuong biéu dién mong mudn ctia ngudi thiét
ké&, vi du 1¢gi nhu4n cao nh4t va gia thanh nhé nhat. Muc tiéu thiét k& c6
thé la:

- Gia tri 16n nhat cta d6 bén, do bén mon, do tin cay, dd an toan...
- Gi4 tri nhé nhat gid thanh, thoi gian ché tao, khoi lugng, xéc
suat hong...

Rang budc thiét k& can thiét dé tim cdc 15i gidi cho cac bai
todn t6i uu. Ham rang budc thiét k& 14 ham todn hoc theo cdc bién thiét
ké&. Céc rang budc thiét ké& c6 thé la:

- Ung suét 16n nh&t nhé hon d6 bén.

- Bién dang nho hon gia tri cho phép.

- X4c suit héng nhé hon mic do cho phép hodc do tin cay 16n hon
gid tri mong muon.

- Chi phi khong vugt qua ngén sach cho phép

11.1.3 Cac phuong phap giai bai toan thiét ké& t6i vu
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Khong mot phuong phdp don 1& nao c6 thé gidi duge tat cd cac

dang bai todn t6i uu mot cich c6 hiéu qua. Phu thudc vao dang clha bai

toan t6i uu, chi mot vai phuong phdp cé thé sit dung mot cach hidu qua
dé gidi ching. Phan loai c4c bai toan t6i uu chi ra trén bang 11.1.

Bang 11.1
Dang bai Cac dic tinh bai toan
toan Ban chat Ban chat cia Ban chat cia Phuong phéap giai

cia bién
thiét k&
(x;)

ham muc tiéu
£(X)

ham rang budc
hjX) va 1(X)

Bai toan qui
hoach tuyén
tinh

Sé thuc

Ham tuyén
tinh caa x;

Ham tuyén tinh

5
cua Xj

Phuong phédp don hinh

Bai toan qui
hoach tuyén
tinh s&
nguyén

S6 nguyén

Ham tuyén
tinh cia x;

Ham tuyén tinh

cua x;

Phuong phép cit 16p
Phuong phéap phan
nhanh

Phuong phép Zero-one
Phuong phap qui
hoach

Bai toan qui Sé thuc Ham bac hai Ham phi tuyén cta | Phuong phép bién thé
hoach bac hai cua x; X; don hinh
Bai toan qui S6 thuc Ham phi tuyén | Ham phi tuyén Phuong phdp ham
hoach phi tdng quat cta tdng quat cla x; phat
tuyén X Phuong phédp dinh
huéng kha thi

Bai toan qui Sé thuc Ham da thic Ham da thic theo Phuong phap dua trén
hoach hinh theo x; X; bat ding thitc hinh —
hoc s6 hoc
Bai todn qui S6 thuc Ham phi tuyén | Ham phi tuyén Quy hoach dong
hoach dong hoic s6 nhiéu giai doan | nhiéu giai doan

nguyén cua x; cua x;
Céc phép Nhitng ham | Ham phi tuyén | Ham phi tuyén clia | Phuong phép s6
tinh cho cac thuc xi(t) cua x; dudi x; du6i dang tich
bién s& trong dé t dang tich phan | phan

14 tham s¢

Céac phuong phap chung dé gidi cdc bai toan t6i uu thong thuong:
- Phuong phéap tht nhat 1a phuong phdp d6 thi, dugc st dung khi
s6 bién thiét k& 1a 1 hoac 2.
- Phuong phép thit hai 14 phuong phdp gidi tich, dua trén co sé
tinh todn thong thuong st dung phuong phdp nhan ti Lagrange

v6i diéu kién Kuhn Tucker, né duge st dung dé gidi quyét cdc bai

todn cé cdc rang budc 1a cdc dang thic.

- Phuong phap thd ba 1a phuong phap s6, con goi 1a phuong phép

ham phat dugc st dung dé gidi quyét cdc bai toan toi uu tong quat
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da trinh bay trén phuong trinh (11.1). Phuong phdp nay dé tim
101 gidi cho hang loat c4c bai todn cuc tiéu khong rang budc.

- Phuong phap thi tu dugc biét nhu 1a phuong phdap qui hoach
dong, duge st dung dé gidi quyét cac vaAn dé ma cau trac vat ly
cda né c6 dang ndi tiép.

Ta can chd y riang tim gid tri 16n nhat cia ham f(X) tuong GUng véi

tim gi4 tri nhé nh4t cda ham — f(X).

11.2 PHAN PHOI TOI UU PO TIN CAY HE THONG

11.2.1 Pinh dang bai toan t6i vu phan phéi

Trong chuong 9 ching t6i da gidi thiéu phan tich may thanh hé
thong. Phan phoi do tin cay hé thong 1a qué trinh gan do tin ciy cho céc
phan tir riéng 18 sao cho dat duge do tin cdy chi dinh cho toan hé théng.
Do tin cay chi dinh cho toan hé théng cé thé dat dugc theo nhiéu cach
khéc nhau. Ta sé quan tAm dén tim gia tri nhé nhat mot tiéu chudn hoac
ham muc tiéu nhu 1a gid thanh, khéi lugng hodc thé tich trong khi dat
dugc do tin cay toan hé théng qua mot khodng thoi gian chi dinh nao dé.
Nhiing bai todn nhu thé& duge dinh dang theo nhiéu ciach khac nhau dugc
minh hoa bing céc vi du du6i day.

Vi du 11.1
DPinh dang bai todn phan phdi dd tin cdy st dung téng gia thanh
lam ham muc tiéu.
Giai:
Gia s ring gid thanh cta phan ti thi i 12 ham s6 theo d6 tin cay
ci = ci(Ri), bai todn t6i uu biéu dién duéi dang sau:
Rl
RZ
Tim X-=

Rn
n
dé f(X) dat gid tri nhé nhat: fX) = ) ¢(R))
i=1
Dbiéu kién rang budc: Rins (R, Ra,.., Rn) > Raa
0<Ri<1;i=1,2,,n
trong d6: Rea 12 d0 tin c4y chi dinh cia hé thong; Ri 1a d0 tin ciy cua
phan ti thi i va n 12 s cac phan tu.
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Do tin cay ctia hé thong phu thudc vao su sép x&p cic phan ti trong hé
thong. Poi véi hé thong mac ndi tiép:

Rii(t) = HR,»(t)
i=1
Né&u cudng do hong cac phan tir 1a A; thi phuong trinh tré thanh:

n
Rht(t') — Heklt — e)whtt :e—(7\,1+7\,2+...+7\,n)t
i=l1

Trong trusng hop nay diéu kién rang budc biéu dién duéi dang:

n

D Ai—heg <0

i=1
trong d6 A la cudng do hdéng tuong Gng do tin cidy chi dinh R ctia hé
thong.
Vidy 11.2

Dinh dang bai toan phan phdi do tin cay s dung gid tri 16n nhat
do tin cay hé thong lam ham muc tiéu.

Giai:
Bai toan t6i uu héa biéu dién du6i dang sau:
Rl
R,
Tim X-=
Rn

dé f(X) = Rus (R1, Ra,.., Rn) dat gia tri 16n nhat.

n
biéu kién rang budc: cn =Y ¢j(R;) < Ce
i=1
0<Ri<1;i=1,2,.,n
trong dé: ¢; 12 gid thanh ctia phan tif thi I; c.a 12 gia thanh chi dinh 16n
nh4t cta hé thong.

Vi du 11.3

bPinh dang bai todn phan phoi do tin cay si dung gia tri 16n nhat
do tin cay hé thong lam ham muc tiéu cho hé théng néi tiép — song song
nhu hinh 11.3.
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[1 ] { [ 1]
B SRR P
Nhap 2 2 Xuat
Giai doan 1 Giai doan 2 Giai doan N

Hinh 11.3 Heé théng mdc noi tiép, song song
Giai:
Bai toan t6i uu héa biéu dién du6i dang sau:
R,
R 2
Tim X =

R,
N
dé f(X) dat gia tri 16n nhat Rn(X) = H[l—(l—Ri)"i]

i=1
n

Piéu kién rang bujc ZCini <co
i=1

trong d6: c; 14 gid thanh cta phan ti thd i va co la gia thanh 16n nhat
cho phép cta hé thong.

11.2.2 Gidi cic bai toan t6i vu phan phdéi do tin cay

Céac phuong phdp gidi cdc bai todn t6i uu dugc trinh bay cu thé
trong céc tai liéu vé t6i uu héa. Trong muc nay ching tdi chi trinh bay
cac phuong phép gidi bai todn t6i uu phan phéi do tin cay.

11.2.2.1 Phuong phap dé thi

Khdo sat bai todn t6i uu héa:

Tim X dé f(X) 1a nhé nhat.

biéu kién rang bujc:

hiX)<0,j=1,2,... m (11.3)

N&u mdi trong n bién, x; , dugc tuong Ung véi mot truc toa do, thi
két qua 1a khong gian Décdc n chiéu dugce goi 1a khong gian thiét k&. Mbi
diém trén khéng gian n chiéu goi 1a diém thiét k& va tuong dGng véi 1oi
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gidi c¢6 kha nang thuc hién hodc khong c6 kha nang thuc hién cua bai
to4n thiét ké.

Thiét k& c6 khd ning thuc hién dugc phai théa méan tat cd céc
rang budc, trong khi d6 ban thiét k& khong kha ning thuc hién vi pham
mot hodc nhiéu rang budc. Cac diém thiét k& c6 kha nang thuc hién hoac
khong c6 kha ning thuc hién dugc ngin cdch béi mdt mat cong duge goi
1a mdt cong rang budc. P& hiéu khai niém mait cong rang budc ta khdo
sat bat ding thic rang budc hi(X)< 0. Tap hop cdc diém thiét k& X théa
man dang thic hyX) = 0 tao nén siéu dién trong khong gian thiét k& va
duge goi la mat cong rang budc. Mit cong rang budc chia khong gian
thanh hai phan: mot phan vé6i hyX) < 0 va phan con lai 1a hjX) > 0.
Nhiing diém nao nim trén siéu dién hj(X) = 0 s& théa man mot cach t6i
han. Nhitng diém nim trén mién hj(X) > 0 s& khong c6 kha ning thuc
hién va khong thé chdp nhan duge. Nhitng diém ma h;(X) <0 c6 kha nang
thuc hién va chdp nhan duge. Khi cdc mit cong rang budc tuong tGng véi
tat cd diém rang budc hyX) < 0, j=1, 2, ..., m dugc khdo sat thi ching s&
chia khong gian thiét k& lam hai mién: mién dugc goi 14 khong gian cé
khd ndng thuc hién duoc ma trén d6 mdi diém thiét k& X sé tuong Ung
v6i gid tri hj(X) < 0 va mién khéc goi 12 mién khéng cé khd ndng thuc
hién ma trén dé mdi diém thiét k& tuong tng véi hy(X) > 0.

o Mién khong c6 N
X, X1 kha nang thuc hié x¥  Pudng bao
f=c, xé“) N ham muc tiéu
D —

Mlén co 05<C4<C§ C<2 c 1
kha nang thyc hién

T L&i giai
t8i uu

K<

Cac mat cong
~_rang budc

o/ 3
NS

Hinh 11.4 Phuong phdp dé thi

Khi ham muc tiéu duge vé v6i f(X) = ¢ = const, dd thi tao nén
hinh dang siéu dién trong khong gian thiét k&. N&u nhiéu ham d6 thi
dugc vé véi céc gid tri hiing s6 ¢ khac nhau thi két qué mét cong dugc goi
1a cdc mdt cong ham muc tiéu. Mot khi cdc méit cong muc tiéu duge biét
thi 161 gidi t8i uu ctia bai toan c6 thé dugec nhan biét nhu 1a cdc diém
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thiét k& trén khong gian c6 kha ning thuc hién ma dem lai gid tri nhé
nh4t cho ham muc tiéu.

Cédc mat cong rang budc, cdc mit cong ham muc tiéu véi 161 gidi
t61 uu cta bai todn t6i uu hai bién dudc trinh bay trén hinh 11.4. Cha y
ring néu sb cac bién 16n hon hai hosc ba thi cdc rang budc va cdc mit
cong ham muc tiéu tré nén phic tap ngay cd cho viéc quan sat va bai
toan dudc gidi quyét hoan toan nhu la mot bai toan toan hoc. Trong vi du
11.4 trinh bay trinh tu thiét t8i uu theo phuong phép db thi.

Vi du 11.4

Hai phan t dugc mic ndi tié€p nhu trén hinh 11.5. Gia thanh
phan ti&t thi nhat 100R? trong d6 R;la do tin cAy phan ti thd nhat.
Tuong tu gia thanh phan ti thi hai 200R3 trong dé6 R,1a do tin ciy phin
tir thd hai. Tim d9 tin cdy cdc phan ti dé gia thanh 1a nhé nhat. Do tin
cay ctiia hé thong ciing nhu clia cac phan ti khong duge nhé hon 0,7.
Giai:

Céc bién thiét ké& 1a do tin cay cdc phan tu:

LR

Ham muc tiéu 1a tim gid tri nhé nhit cua gia thanh:
f(X) = 100R? + 200R3
Céc diéu kién rang budc:
RiR2 > 0,7 ¢6 nghiala g:1(X)=0,7 - RiR2<0
0,7<R1<1cb6nghiala goX) =R1-0,720va gsX)=R1-1<0
0,7 <Rz <1 c6 nghia la g4(X) = Ra-0,7>0 va g5(X) = Re-1<0

Hinh 11.5 Hé théng gém hai phén tit mdc néi tiép
Céc duong bao trinh bay tir go dén g5 trén hinh 11.6. Ham rang
budc g1 1a duong cong R; = 0,7/R..

Ri 0,6 0,65 | 0,7 0,75 | 0,8 0,85 | 0,9 0,95 |1

Re 1,167 | 1,077 | 1,000 | 0,933 | 0,875 | 0,824 | 0,778 | 0,737 | 0,700

Puong bao ham muc tiéu:
f(X) = 100RZ + 200R3 = ¢
dugc vé v6i cdc gia tri ¢ khdc nhau.
Céc diém trén dudng bao dugc liét ké:
250 — 100R?

100R? + 200R% =250 suy ra R, =
' 2 Y 2 200
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R, | 0,6 0,65 0,7 0,75 0,8 0,85 0,9 0,95 1
Re. | 1,034 | 1,019 | 1,003 | 0,984 | 0,964 | 0,943 | 0,919 | 0,894 | 0,866
2
100R? + 200R5 = 225 suy ra Rzzw/w
200
R: | 0,6 0,65 0,7 0,75 0,8 0,85 0,9 0,95 1
R, | 0,972 | 0,956 | 0,938 | 0,919 | 0,897 | 0,874 | 0,849 | 0,821 | 0,791
2
100R? + 200R% = 200 suy ra RZ:‘/M
200
R: 0,6 0,65 0,7 0,75 |0,8 0,85 | 0,9 0,95 1
Rs 0,906 | 0,888 | 0,869 | 0,848 | 0,825 | 0,799 | 0,771 | 0,741 | 0,707
2
100R? + 200R3 =198 suy ra R, = JM
200
R: 0,6 0,65 0,7 0,75 |0,8 0,85 | 0,9 0,95 1
Ro 0,900 | 0,882 | 0,863 | 0,842 | 0,819 | 0,793 | 0,765 | 0,734 | 0,700
_ 2
100R? + 200R2 =175 suy ra R, = |~ > —L00Ri
200
R: 0,6 0,65 0,7 0,75 10,8 0,85 | 0,9 0,95 1
Ro 0,834 | 0,815 | 0,794 | 0,771 | 0,745 | 0,717 | 0,686 | 0,651 | 0,612
909=0 i
XZ
1,0 \ 2
~ ~- =250
T~ T~ N
=~ ~_ f=225 9(x)=0
0,9_:::\/~\ Cis \’\kh"
I N
~_f=200
0.8 \\\\% 198 (Drei;éf&é‘%i;‘é‘izo,m)
\\
\\<_
~N
0,7 /|
R77777 N
AN g(X)=0
N
N
061 N 9P9=0 A
0,5 | | X,
0,6 0,7 0,8 0,9 1,0
Hinh 11.6

Céac dudng bao duge trinh bay trén hinh 11.6 va c6 thé quan sat

thay dugc rang cac gia tri ham muc tiéu khong thé gidm duéi gid tri 198

khong cé bat cit mot vi pham rang budc do tin cAdy nado. Piém t6i uu 1a
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diém tiép xic cha hai dudng cong g1=0 va f =198 (diém A). Khi d6 R;'=
0,99 va Ry"'=0,71 v6i fmin = 198.

11.2.2.2 Phuong phap giai tich

Cé6 rat nhiéu phuong phap gidi tich dé gidi bai toan t6i uu. Trong
muc nay ching téi gidi thiéu phuong phap Lagrange va diéu kién
Kuln - Tucker.

Phuong phédp nhan ti Lagrange 1a phuong phdp gidi tich duoc st
dung dé tim gia tri nhd nh4t ctia ham nhiéu bién khi cdc ham rang budc
la cac dang thic. Bai toan dugc gidi quyét c6 thé trinh bay du6i dang:

d
d,

TimX =1’ (11.4)

dy
dé f(X) dat gia tri nhé nhat.
Dbiéu kién rang budc la:
LX) = 0; i=12,.,p
Trinh tu gidi quyét bai toan kém theo viéc tao mot ham mdéi dugc
goi la ham Lagrange L(X,\) nhu sau:

p
LX) =fX)+ D 1 1;X) (11.5)
j=1
trong d6 %; 1a hing s6 chua biét va dugc goi 1a nhan ti Lagrange.
Can chi y rang theo diéu kién rang budc c6 nhiéu nhan ti
Lagrange. Gidi quyét bai todn dit ra la tim gia tri nhé nhat khong rang
budc cia ham L(X,L). Cac diéu kién can thiét dé tim gia tri nhé nhat cta

ham L(X,)) 1a:

8L(X,k):0 1o
adl b £ b 9

aXaA) (11.6)
N =0 i=L2,...,p

i

S6 céac dai lugng khong biét 14 n+p (n bién thiét k& x; va p nhan
tir Lagrange ;) va sé cac phuong trinh nhan dugc cling 12 n+p. Nghiém
cua giai hé (n+p) phuong trinh phi tuyén 1a X" va A". Mic du phuong phap
nay tuong doi don gidn, tuy nhién gidi hé (n+p) phuong trinh phi tuyén
rat dai dong. Mit khdc néu ciac ham f va 1; khong thé biéu dién dudi
dang tudng minh thi dé gidi hé (11.6) sé rat khé khin. Tuy nhién, cac
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phuong phép s6 thich hgp trong t6i uu héa nhu ham phat khio sat ¢ muc
ti€p theo sé dugce st dung dé gidi quyét cdc bai todn tdi uu.

Vi du 115

Hai phan tir duge 1dp song song nhu hinh 11.7. Mudn tim d9 tin
cay céc phan ti R; va Ry dé tong giad thanh 1a nhé nh4at khi ma d9 tin
cay cia hé thong R =0,9. Gid st ridng gid thanh cdc phan ti R; va Re
tuong Gng sé bang 100R; va 200Rs.
Giai:

Bai toan dugc phat biéu nhu sau:

Tim X véi:

<o)l
dy] (R,

Ham muc tiéu la tim gid tri nhé nhat cla gi4 thanh:

f(X) =100R; +200R, (vd5-1)
Céc diéu kién rang bujc:

LX) =1-01-R)A-Re)=R1 + Re— RiRa - 0,9=0
Ham Lagrange c6 thé dugc viét duéi dang:

L = 100R; + 200R2 + A (R1 + R2 —R1R2 —0,9)

trong d6 A la nhan ti Lagrange.

Céc diéu kién can thiét dé i uu la:

oL 100
—=100+A(1-R,)=0 A=— d5-2
R, +A( 2) suy ra Ry (v )
oL 200
—=200+A(1-R)) =0 A=— d5-3
R, +A1-R,) suy ra R (v )
oL
a=R1+R2_R1R2_0,9=0 (Vd5'4)

ai=i

Hinh 11.7 Heé théng gom hai phdn ti mdc song song

Tir biéu thic (vd5-2) va (vd5-3) ta nhan dugc:
— 2 —
C(1-R) (-Ry)
Thay biéu thic (vd5-5) vao (vd5-4) ta nhan duge:
(2R, -1)+R,—-R,(2R,-1)=09 ¢6 nghia 1a 2R3 -4R,+19=0

c6 nghia la R, =2R, -1 (vd5-5)
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Giai phuong trinh vira nhén duge ta ¢6 R, =0,7764 va 1,2236.L0oi1
gidi toi uu 1a Ri*= 0,5528 va Ro*= 0,7764 (vi R* < 1) v6i fmin = 210,56.
Mbt trong nhitng phuong phap gidi tich st dung phd bién 1a diéu
kién Kuln — Tucker c6 dang sau (bai toan 11.1):

1; N

VEX) + > wiVh;X)+ Y v VI (X) =0 (11.7)
j=1 k=1

wih;X)=0 v6ij=1,2, ., n (11. 8)

wi>20 véij=1,2, .., n;
1,X)=0v6ij=1,2, ., ng (11.9)

Gradient cdc ham biéu dién dang sau:

T
vex) | oL of o
ad, 3, ad,
T
vhx)=| O oh b (11.10)
ad, 2, ad,

T
Vi) =|-L o a
ad,’ ad,” " ad,

Do dé6 diéu kién Kuln — Tucker c6 thé viét duéi dang sau:

Ilj ahX ny
(e S SR o X6, (11.11)
T A T

Wih(X) =0 v6ij =1, 2, .,
wWi>0  véij=1,2 .,
hX)=0 v6ij=1,2,..,nk
Vi du 11.6
Gidi bai toan 11.5 theo diéu kién Kuln — Tucker.
Giai:
Bai toan dugc phat biéu nhu sau:
Tim X véi:

el

Ham muc tiéu 1a tim gid tri nhé nhit cua gia thanh:
f(X)=100R, +200R,
Céc diéu kién rang bujc:
IX)=1-(1-R)A-Ra)=Ri + Re—RiR2 - 0,9=0
Cac dao ham riéng:
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of of ol al
—=100. —=200. —=1-R, y3 —=1-R;
R, * OR, » OR; R,

Theo diéu kién Kuln — Tucker ta c6 hé phuong trinh theo Ri, Rs
va vi:
ﬁ+vli=100+vl(l—R2)=0
R, 'R,
of

—+V1i=200+V1(1—R1):0
R, 'CR,

R1+R2—R1R2—0,9=0

Gidi hé phuong trinh trén ta thu duogc (chi nhan nghiém v; 4m):
vy =—J200000 =—-447,2135955

R, = —@ +1=0,776393
Vi

R, = —@ +1=0,5527864
Vi

11.2.2.3 Phuong phap sé (phuong phap ham phat)

Muc dich phuong phdp ham phat la dua bai todn qui hoach bi
rang budc vé bai todn khong bi rang budc. Phuong phép nay dugc gi6i
thiéu day da trong cdc tai liéu vé t6i uu héa, ¢ day ching toi chi gi6i
thiéu cdc néi dung chinh.

Dé giai quyét bai todan t6i uu (11.1) theo phuong phdap ham phat
ta phai tao moét ham méi dugc x4c dinh béi cong thic:

LU | 1 &,
X, 1) =f(X — — S15X (11.12)
O (X1 ) = 1£( )+fkj§gj(x) ” E 7(X)

trong dé ri 14 hiing s6 duong, dugc biét nhu 1a tham s¢ phat.

Bai toan trinh bay theo cong thic trén trd thanh tim gia tri nhé
nh4t cia ham ¢k theo trinh tu gidm gid tri rx. Gid tri rx ban dau dugc
chon bing 1, sau d6 gidm dan dén gid tri 0 sau mdi 1an tim gi4 tri nhé
nh&t ham khong rang budc. Diém bit dau dé tim gia tri nhé nhat dugc
gid s rang c6é kha ning thuc hién lién quan véi cdc bat ding thic rang
budc.

Trinh tu l4p lai bao gom céc budc duge liet ké dusi day:

1. B4t d4u véi diém ban dau X; c6 kh3 nang thuc hién, théa méan tat ca
cic bat ddng thic rang budc véi dau bat dang thic chat ché (<), ¢6
nghia chi 1a giX1) < 0véij=1,2,... m va gid tri ban dau r1 > 0.
Gan k =1.

274



Thié't k& t6i vu...

2.

Lam cuc tiéu ham ¢(X,rx) bing cach st dung phuong phap téi thiéu
khong rang budc va thu dugc nghiém Xy*.

. Kiém tra Xi* c6 phai la nghiém t6i uu cia bai toan (11.12) hay khong.

Néu Xi* tim dugc 1a t6i uu thi két thic quéa trinh. Néu khong thi ta
tiép tuc budc tiép theo.

. Tim gi4 tri ctia tham s6 phat ri.1: T = crg trong d6 ¢ < 1 (thong

thuong 14y gia tri ¢ = 0,1).

. Lay diém bat ddu mé6i X; = Xi*, gdn gid tri méi k = k+1 va tiép tuc

buéc 2.
Su hdi tu cha trinh tu tuong Ung ry tién vé gid tri 0 dugc minh

hoa bing d6 thi hinh 11.8 va bai to4n tré thanh don gidn:

Tim X={x;} sao cho ham f(X) = ax; dat gia tri nhé nh4t.

Céc diéu kién rang bujc:

giX)=b—x1<0 (11.13)

f,

® 604 a5
¢2(><1,r2) 0>0
C|)3(><1,I’3)

BN— i) = ox
1]
0 XF=b X3 X @ D ‘

Hinh 11.8 Sy hoi tu cia phuong phdp ham phat

Vi du 11.7

DAm cong x6n cé tiét dién ngang hinh chit nhat chiu tac dung luc

Fx va Fy nhu hinh 11.9. Lyc tdc dung Fx = 8000N, Fy = 6000 N, chiéu dai
thanh 1 = 1000 mm, tng suit giéi han o = 500MPa. Xac dinh kich thude
b, h dé€ dién tich A = bh 14 nhé nhat v6i 10 < b < 100, 10 < h < 100.

Giai:

Ham muc tiéu:

X4c dinh gia tri nhé nhat clia ham:
A =bh

biéu kién rang bujc:
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bh{ b h
10 <b <100
10 <h <100

Gidi bai todn nay ta thu duge b = 37,736 mm, h = 50,479 mm véi
Ung suit 498,5 MPa.

F
g(X)=2(F—X+—yJ — 6,4 <0

Fy Fy

.

1=1000 b

Hinh 11.9

11.2.2.4 Phuong phap qui hoach dong

Vao nhitng nim 1950 Richard Bellman phat trién phuong phap
quy hoach dong dé gidi quyét bai todn quyét dinh nhiéu giai doan nhu la
su phéi hgp clia cdc bai todn nhiéu giai doan riéng 18. Trong da s6 céc
truong hop gidi quyét cic bai todn t6i uu. cia N giai doan riéng 1& s& dé
dang hon khi so sédnh v6i viéce gidi quyét bai toan t6i uu nhiéu giai doan.
Uu diém cong thém cta quy hoach dong la phuong phap cé thé xi ly céac
bién roi rac, khong 16i, lién tuc va cdc ham khong kha vi ma khong c6
bat ct khé khin nao. St dung cic phuong phap thich hop dé gidi quyét
trong pham vi rong rii cdc bai todn ra quyét dinh xuit hién ngay cang
nhiéu trong céc bai todn do tin cay.

fn fn-1 fi fo f1
Giai doan Giai doan _ . __| Giai doan| _ | Giai doan| Giai doan
Sni n S, n-1_|Si+1 i S s5 2 Sy 1 $4
Xn Xn-1 Xi X2 X1

Hinh 11.10 Bai todn quyét dinh nhiéu giai doan
Mot vi du trong nhiing bai todn quyét dinh nhiéu giai doan duogc

trinh bay trén hinh 11.10, trong d6 cac giai doan n, n-1, .. .,i,..., 2,1
dugc danh dau theo huéng gidm dan. Trang thdi nhap cda giai doan i la
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si+1 va trang thai xudt 1a s;. Tham s6 thiét k& trén giai doan i goi 1a x; va
déng gép cua ching vao ham muc tiéu la fi=fi(X).

Bai to4n can gidi quyét 1a tim X = (x1, Xz, . . ., Xn)' d& ham muc
tiéu dat gid tri nhd nhat:

FX) = fiX) + £oX) + . . . + fuX) (11.14)

Vé6i gia thuyét ring: s; = si(siy1, x9);i= 1,2, ..., n
va cac rang budc khac chi dinh cho x; va s; (i= 1, 2, .. ., n).

Qui hoach dong bat budc st dung khéi niém t6i uu héa cuc bd va
nguyén tic toi uu dé€ gidi quyét bai todn quyét dinh nhiéu giai doan. Thuc
hién theo trinh tu trinh bay du6i day. Phan ti cudi cung (phan ti dugc
danh ddu s6 1 trén hinh 11.10) dugc st dung dau tién cho t6i uu héa cuc
bo. Néu trang thai nhap ctia phan tif nay la sz duge chi dinh thi x; phai
dugc chon dé ham fi(xi, s2) 1a nhé nh4t. Dit gid tri nhé nhat cia f 1a
F1*(s9):

E (s,) =Xmli“ [f,(x1,8,)] (11.15)

Biéu thic nay xdc dinh gia tri nhé nhat cta f; nhu 12 ham trang
thai nhap sz du6i dang tham s6. Sau d6, ching ta khing dinh hai phan ti
cudi cung (cac phan ti danh dau 2 va 1 trén hinh 11.10) cung nhau cho
t61 uu héa cuc bd. 0 day chung ta chon x; va x sao cho ham:

F, (s3) = 15,(x5,83) + f1(X4,87) (11.16)
¢6 gia tri nhé nhat cho gid tri chi dinh s; bat ky ta thu dugc:
F;(s3):xn“r§2 [f,(X,83) + £1(x7,8)] (11.17)

Béi vi sz c6 thé dugc tinh khi ma s3 va xe duge chi dinh, do d6
phuong trinh (11.17) c6 thé viét lai véi su trg gitp phuong trinh (11.15)
nhu sau:

Fj (53) =1 |6, (x.50) + 5 (55)] (11.18)

Qua trinh t6i uu héa cuc bd cé thé tiép tuc bing su can nhic trén
bai todn toi uu héa cuc bd thi n. Mot cach tdng quat bai toan t8i uu héa
cuc bd thit i c6 thé phat biéu nhu sau:

B (5500) =m0 05,800+ FLa59) (11.19)

Trén bai toan t6i uu héa cuc bd cudi cung trang thdi nhap sn.
dugc chi dinh thudng xuyén va vi 1y do dé F: can phai duge tim cho mbi
lan nhap dugc dit tén 12 s,.1. Ngoai ra cAn chi ¥ rang chi mot bién thiét
ké& dugc bao ham tai mot giai doan bat ky. Vi ly do d6 t6i uu héa cuc bd
dugc mong doi sé rat don gidn.
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11.3 DANG BAI TOAN THIET KE TOI UU KET CAU

THEO PO TIN CAY

Bai todn t6i uu theo dd tin cdy c6 dang sau:
Ham muc tiéu:

Tim X =1 (11.20)

d

n

dé f(X) dat gia tri nhé nhat.

biéu kién rang budc la:
PgX,p)<0)>R;;j=1,2,.,ng
hiX,mp )<0; k=1,2, .., ny
dil< d; < d ; 1=1,2,..,n.
O day d; — bién thiét k& (c6 thé 1a don dinh ho#ic ngiu nhién) tha
i; X — vécto bién thiét k& (bao gobm don dinh va ngiu nhién); p — vécto
tham s6 ngiu nhién, hay con goi 1a cdc hé s6 nhiéu, c6 gia tri trung binh
mp; f(d) — ham muc tiéu; gi — ham trang thdi t6i han thud j; n- s6 bién
thiét ké&; nu- s6 rang budc xdc suit; R; - dd tin cdy mong muén; d;, di* —
gi6i han duéi va trén cta bién thiét k& thd i.

D& théa man diéu kién rang budc P(gi(X, p) < 0)) > R; thi ta phai
phan tich d6 tin cay, st dung phuong phap FORM véi tim ki€ém MPP, c6
nghia 1a gidi bai toan t8i uu theo cong thic (5.16) va (5.17). Do d6 bai
toan thiét k& tdi uu theo do tin cdy gom 2 vong lip t6i uu 1dng vao nhau.

Bai toan t6i uu c6 thé viét lai du6i dang sau:

Ham muc tiéu:

d
d,

TmX =+ (11.21)

dn
dé f(X) dat gia tri nhé nhat.

278



Thié't k€& toi ...
biéu kién rang bujc:
Plg(d) > 0) - D(-B) < 0,j = 1,2, ., ng
hi(d, mp) <0; k=1,2, ., ny
dil<di<d®;i=1,2,.,n.
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trong dé: @ 1a ham phan bé tich liy cia phan phéi chudn va B 1a chi s6
do tin cay mong mudn cta rang budc thd j.
Ham xdc suat héng P(gj(X) > 0) xdc dinh theo cong thic (5.8):
Fy (0)=P(g(X)<0)= Ifx(x)dx < cD(— Bj) (11.22)
2(X)<0
Qua phép bién d6i nghich ddo ®'(*) va F(*) thi rang budc xéc
sudt c6 thé biéu dién du6i dang sau:
By = -0 (F(gi(0) > p; (11.23)
oo - 0) 20 et

trong do: Bs va gy 1a chi s6 do tin cay va gida ham trang th4i giéi han dat
duge & rang budc thd j.

Céc vi du du6i day minh hoa viéc dinh dang cdc bai toan thiét ké&
co khi va két cidu nhu 14 céc bai todn t8i uu héa.

Vi du 11.8

DAm cong x6n c6 tiét dién ngang hinh chit nhat chiu tac dung luc
Fy va Fy nhu hinh 11.5. Lyc tac dung Fy, Fy, kich thudc b, h, mdédun dan
héi E, ting suat giéi han 1a cac dai luong ngau nhién c6 gia tri cho trong
bang 11.2. Chiéu dai thanh 1 = 1000 mm.

Bdng 11.2
Pai luong Gia tri trung | Sai léch binh phuong
binh trung binh
Luc tac dung Fx, N 8000 1000
Luc tac dung Fy, N 6000 800
Ung suét gi6i han o, MPa 500 50

X4c dinh kich thuéc b, h dé tiét dién thanh 12 nhé nhat ddm bao
do tin cady R = 0,999.
Giai:
Ham muc tiéu:
X4c dinh gia tri nhé nhat cia ham:
A =Dbh
biéu kién rang bujc:

F
pl OBy - 04 <0| >R,
bh{ b h

10 <b <100
10 <h <100
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Vi du 11.9

X4c dinh chiéu day t va dudng kinh d ctia 6ng trong két cdu nhu
hinh 11.11 d€ dién tich m#t cit ngang c6 gid tri nhé nhat. Luc F tac
dung lén tay quay. Truc dugc xem nhu 12 dam cong x6n ché tao tir thép
ong AISI 4140. Céc dai lugng ngiu nhién trong bai todn déu phan phoi
theo qui luat chuidn. Gia tri trung binh va sai léch binh phuong trung
binh cta cac dai lugng ngiu nhién (x, Sx) theo bang 11.3.

Bang 11.3
Pai lugng Gi4 tri trung binh | Sai léch binh phuong trung binh
Luc F, N 3000 300
Gié6i han chdy o, MPa 600 60
Khoang cach Li, mm 250 4
Khoang cach Lz, mm 200 2

Sai lach binh phuong trung binh dudng kinh truc Sq=0,015d. Xdc
dinh kich thuéc truc réng dé xac suat lam viéc khong héng R = 0,999.
Giai:

Mbmen cdn uén mit cit ngang:

3 Ad 3 4
wory _d=207 ) mdTh fy 20
32 d* 32 d

b)

Hinh 11.11
Momen can xoan:
Wo=2W
Ung suét 16n nhét sinh ra tai vi tri dudng kinh vong ngoai cla
truc rong va tai vi tri lién k&t v6i tuong. Ung sudt udn o va xodn t ¢6 gid
tri 16n nhat tai ving nay. Ung suit tuong duong ow theo thuyét bén 4 c6

Gy = ,/GZ +37?

dang:

trong dé:
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M FL,
c=—=——

W W
T _H,

WO WO

Tu day suy ra:
F o[22
Ctd = 4— 4L1 + 3L2

Ham trang thai giéi han:

F
g(X) = Gjjm — Oy =GOl Taw 415 + 315

Bai toan t6i uu c6 dang sau:

X4c dinh gia tri nhé nhat cia ham:
A = ndt

biéu kién rang bujc:

P(cﬁm —%,/4&1 +313 > o) >R,

d/t <100

nd? d-20*) nd? 2\
6 W=—|1-—— 2 |=—|1=-]1-=] |.
trong dé 32[ 3 3 n

Vi du 11.10

Mot gian hai thanh nhu hinh 11.12. C4c thanh c6 tiét dién hinh
vanh khan vé6i gid tri trung binh dudng kinh d va chiéu day t. Mdi thanh
déu c6 hai dang héng: uén doc va nén. Pinh dang bai toan xac dinh gia
tri trung binh ctia d va t dé tim gid tri nhé nhat cia khdi lugng cia gian
tuy thudc vao rang budc theo do tin cdy cda thanh theo uén doc va nén.
Céac du liéu cha bai toan la: Fy = N(250000, 25000)N; Fx = N(150000,
15000)N; t = N(t, 0,011) mm; d = N(d, 0,01d) mm; ce = N(210, 21)MPa;
Médun dan héi E = N(2,1.10%, 2,1.10Y)MPa; B = N(500, 25) mm; H =
N(675, 25) mm; p = N(7,9, 0,79).10% kg/mm?; Do tin cay tdi thiéu chap
nhan Rnin=0,9973.

Khodang gi4 tri c6 thé chdp nhan dugc cia d va t la:

25 mm <d <125 mm
2,5mm<t< 25 mm
Giai:

Gid sl ring Gng suidt nén va Ung sudt uén doc trén mdi thanh
tuan theo qui luat phan phéi chuin, do tin cay t6i thiéu trén mdi dang
héng tuong Ging véi diém phan vi z; = -3,0 (R=0,9973).
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Luc nén tdc dung 1én thanh bén phdi xdc dinh theo cong thiec:
2, 112
g B (R Fy
2 H B
R

Mt cat A-A

B
Hinh 11.12 Gian hai thanh

Ung suit nén o, va udn o, xdc dinh theo cong thic sau:

_ (B2+H2)[F_V+F_Hj_ _ Bl nE(d® +t%)

’ u

(e}
n 2ndt H B

C2ndt 8(B+H?)
trong dé: I 12 momen quén tinh mat cit ngang; L 1a chiéu dai thanh.
Khoi luong clia gian dugdc tinh theo cong thic sau:

W = 2pndt,/B? + H?

Ta xem cdc gid tri trung binh d va t 1a cdc bién thiét k& va gia
tri trung binh khdi lugng 1a ham muc tiéu W, bai toan do tin cay c6 thé
trinh bay nhu sau:

e f)-f)

d8 ham f(X)=2pndtVB? + H? dat gid tri nhé nhat.

Cac rang budc:

25 mm <d <125 mm
2,5mm<t< 25 mm
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11.4 TRINH TU THIET KE TOI UU KET CAU TREN CO
SG PO TIN CAY

Céc bai toan thiét k& t8i uu theo d9 tin cay thong thudng céic bién

thiét k& va rang budc lién quan dén do tin cidy. Trong muc nay ching toi

trinh bay cdc phuong phap chii y&éu dé gidi bai toan thiét ké& t6i uu theo
do tin cay.
11.4.1 Phuong phap hai vong lap

Theo mo6 hinh hinh 11.13 thi d¢ tin cdy cla mdi rang budc do tin
cdy can phai uéc lugng, va ta goi md hinh nay 1a cong thic do tin cay
truc ti€p. Do tinh hiéu qua va chinh xdc ta sit dung phuong phap xap xi
chudi Taylor bac nhat v6i tim diém xdc sudt 16n nhat dé xéac dinh do tin
cay truc ti€p cho mé hinh nay.

Thiét k& ban dau Thiét k& t6i uu

Vong lap to1 uu Rang budc d6 tin cay

/

Bién thiét ké&

.

Phéan tich 4o tin cay
Monte Carlo

FORM
SORM
Bién Rang budc ... Bién Rang budc

ngiu nhién tin cay ngiu nhién tin cay

Mo hinh md phdéng ky thuat |

[Vong 13p phan tich o tin ca
Hinh 11.13 Trinh tu thiét ké theo do tin cdy
D6 tin cdy ham rang buoc g(d, X, p), i =1, 2, .., n, dugc uéc lugng

bang x4p xi bac nhat nhu sau.

DAu tién ta chuyén cac bién ngau nhién tir khong gian X sang Uix
va P sang Uip (v6i i la rang budc thd i). Ta xac dinh MPP cho m6 hinh
sau:

min B =|U]| (11.25)
U;i=(Uix,Usp)
v6i diéu kién rang buodc g(d, X, p) = 0 (11.26)
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Bai to4n trén c6 thé gidi bing gidi thuat trinh bay chuong 5 hoac
bat ky gidi thuat t6i uu nao. Loi gidi 1a diém MPP (Uix', Uip) va chi s6
do tin cay:

B=|Uix.Usp| (11.27)

Phan tich d6 tin cay

FORM
s N a

Tim kiém MPP
Té6i thiéu: ﬁ:HUiH
Ui = (Uix,Uip)
i(d,Uix,Uip) = 0
P(gi> 0)= O(f)

Bién thiét k&: d=d’;mx=mx"
Tham s6 ngiu nhién: P
Do tin cay yéu cau: R

E- _____ 'I_‘ (:);_L;l; ----------------------------- Ham trang théai giéi han

i Uéc lugng ham muc tiéy don dinh g, i = 1,2,.., ng

i va ham rang buéc  [F~~——0 J
i

i | d,ux® méi | d,x

i d,ux,f L2, [MHam muc tiéu don dinh

i f(d,px,pep) va cdc ham

i gi6i han don dinh

] gi(d, s 1) <0, j=1,2, .75

Hinh 11.14 So dé gidi bai todn thiét k& toi uu truc tiép theo dé tin cdy

Khi d6 36 tin cdy duge xac dinh theo cong thic:
R =P(g;(d, X,P)>0)=1-D(B;) (11.28)
Can cha y rang tim kiém MPP cho mdi rang budc do tin cdy va mdi
MPP cho mbi rang budc do tin cdy déu khac nhau.
St dung cong thic ddnh gid do tin cdy truc ti€p, ban cdn phai uéc
lugng d¢ tin cay R=P(gi(d, X, P)>0) cho mdéi ham trang thai giéi han
g;(d,X,P), so d6 gidi trinh bay trén hinh 11.14. Trong truong hgp nhiéu

ham trang thdi giéi han theo d9 tin cdy, vai rang budc c6 do tin cay rat
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cao va khong bao gio dugc nhic dén trong sudt qué trinh téi uu. Trong
vai truong hop théa man mot rang budc do tin cdy nay sé thoa man vai
rang budc dd tin cay khac vi ching c6 cung chung cdc bién thiét k& va
tham s6 ngiu nhién.

St dung phan tich nguge do tin cdy trinh bay muc 5.8 dé dua bai
toan tdi uu theo do tin ciy vé bai to4n t6i uu don dinh.

Tim gid tri ham trang théi giéi han gf tuong tng xéc suat héng F:

F=Ple, X, P) <"
Hosc: R= P(g(d, X,P)> gF)
Tu cong thic (5.58) ta ¢c6 ham trang thai giéi han mdi:

g(d, X, P)=g(d, X, P) — g = g(d, X* P¥)

Phan tich d6 tin cay

FORM
Tim kiém MPP

Gia tri max: Gi(d,Uix,Uip)
Ui = (Uix,Uip)

"Ui" =B=2 (Ry)

gif= gi(d, X", P")

Bién thiét ké&: d=d%ux= ux
Tham s6 ngiu nhién: P
Do tin cay yéu cau: R

Ham trang thai giéi han
don dinh g;, i = 1, 2,.., ng

Uéc lugng ham muc tiéu

va ham rang buge < 00} @ ——————— |

P(gi< 0), i=1,
d,ux

Ham muc tiéu don dinh
f(d, ux, tep) va cdc ham
gi6éi han don dinh

gi(d, pix, ip)<0, j=1,2,..,ng

Hinh 11.15 So dé gidi bai todn thiét ké t6i uu trén co sé phdn tich nguoc

doé tin cdy
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Giai thuat xac dinh gf da trinh bay trén muc 5.8. Sau khi xdc
dinh g thi bai toan t6i uvu tré thanh:
Ham muc tiéu:
d
d,

Tim X =<’ (11.20)

dn
dé f(X) dat gia tri nhé nhat.
Dbiéu kién rang bujc:
P(g(d, X*, P¥)>0)>R;;j= 1, 2, ., n,
h(X,mp )<0; k=1,2, .., ny
dl'<d;<dy; i=1,2,.,n.
So d6 gidi bai todn t6i uu st dung phan tich ngugc do tin cay
trinh bay trén hinh 11.15. S dung phuong phédp nay gidi vi du 11.8 thu
dugc k&t qua B = 42,15mm, H = 56,7 mm.

11.4.2 Cac phuong phap khac gidi bai toan t8i vu

Ngoai phuong phép hai vong ldp trinh bay & trén, ta con st dung
cac phuong phdp duéi day dé gidi bai toan thiét ké& t6i uu trén co s do
tin cay.

Phuong phap xip xi truyén thong (TAM)

Phuong phap nay phéat trién vao cdc nam 1980 va hién dugc dng
dung trong cdc phdn mém thidt k& t6i uu k&t cdu (hinh 11.16). Y tudng
chinh 1a tinh todn ham s6 va dao ham cua ching tai vong lip ngoai, gidi
bai toan tdi uu xap xi § vong lap trong va lip d&n khi nao hoi tu.

Ham sé va uéc
lwgng dao ham

v

XAp xi
A

A

h 4

Téi vu

Hinh 11.16 So dé phuong phdp xdp xi truyén théng
Mot bién thiét k& mot vong lip (SLSV)
Phuong phéap nay do Chen dua ra la phuong phédp hiéu qua thiét
k& xdc sudt toi uu vao niam 1997. Sau d6 Wang va Kodiyalam st dung

286



Thi€t k& t6i vu ...

phuong phép tuong tu cho cac dai lugng ngdu nhién cé qui luat phan phéi
khong phai phan phdi chudn vao nam 2002. CAn chid y ring tinh hiéu
qua ctia phuong phap nay phu thudc vao diém chon ban dau. Sau d6 Choi
va Wan (2001) két hgp phuong phdp nay véi phuong phdp tim kiém diém
xdc suat 16n nhat (MPP). So d6 tinh nhu hinh 11.17.

Phén tich xdc suit

A

Tim gj
m Yes
No
98; . (k1)
Tinh dao ham rang buje — va o,
r)dr- J

v

T61 vu don dinh
Tim gid trinhé nhdt  f(X)

véi rang buge gj(d.ﬁosxu(;('l')so. i=12,., ng—

dlsdgd®

Hinh 11.17 So do tinh cho phuong phdp SLSV
Phuong phap hé s6 an toan (SFA)

Nhép vao d

Phan tich xdc suit
Tim MPP va Design Shift s;cho tit ca g,

Té1 wu don dinh
Tim gid tri nhé nhdt £(X)

vdi rang buge gj(d)I\' <0, j=1. 2., ng

“MPP
d'<d<d"

Hinh 11.18 So dé tinh cho phuong phdp SFA
Wu va Wang (1998) va sau d6 Wu va cac tdc gia khac (2001) su
dung khai niém “rang budc don dinh x4p xi tuong duong” dé gidi cac bai
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toan t6i uu trén co sé do tin cay. V6i so dd tinh don gidn va thuc hién
riéng biét hoan toan tinh todn t6i uu va phan tich d9 tin cay (hinh
11.18). Phuong phép nay c6 hai uu diém chinh:

1- Két hop chat ché véi khéi niém hé s6 an toan ting phan da quen
thudc véi cdc nha thiét ké.

2- N6 lam nang cao ddng ké su tin tuéng vao ban thiét ké& trong giai
doan dau tién va gitp nha thiét k& theo doi ban thiét ké& cla
minh.

Phuong phap t6i vu va danh gia do tin cay lién tuc (SORA)

Du va Chen (2002) dé nghi phuong phap ddnh gid do tin cay va
t6i uu lién tuc (hinh 11.19). Phuong phap nay thuc hién vong ldp don véi
hang loat ddnh gia do tin cdy va toi uu lién tuc. Trong mdi loat t6i uu va
danh gia do tin cay doc 1ap 14n nhau, khong c6 su danh gia do tin cay
nao dugc yéu cau trong qua trinh téi uu va ddnh gid do tin cdy thuc hién
sau khi t6i uu. Y tudng chinh cta phuong phép nay la su thay d8i dudng
bao cda cdc rang budc don dinh bi vi pham.

Nhéip vao d

N Phén tich xdc sut

Tim MPP va s=d - XBIPP cho gj

No

Té61 vu don dinh
Tim gid tri nhé nhit f(X)

vdi rang bude gj(d)lx __S(). j=1 2, 0y

dl<d<d"

Hinh 11.19 So dé tinh cho phuong phdp SORA

11.5 BAI TAP

11.1 Khdo s4t bai todn xdc dinh xdc sudt lam viéc khong hong trong giai
doan thiét k&, khi d6 tng sudt L va do bén S phan phdi theo qui luat
chuian lam viéc khong héng ctia mdi phan ti R=0,99. Ham chi phi
doi véi 04 dai lugng ms, Ss, my, S. ¢6 dang sau:
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¢1(mg) = 0,0022m%'3%; 30000 < mg < 75000MPa
¢,(Sg) =800S5>*7%; 1000 <S¢ < 10000MPa
c3(my ) =89997m ;%> 13; 10000 <m; <68000MPa
¢, (S;)=3665"%;  500<S, <7500MPa
Tim cdc dai lugng ms, Ss, my, Si. dé chi phi 12 nhé nhat va do tin
cay cia hé thong van dam bio.
11.2 Khdo sat cdc ham chi phi trinh bay trén bai 11.1. Xdc¢ dinh gid tri
clia bon tham s6 nay dé xdc sudt lam viéc khong héng 1a 16n nhat
v6i diéu kién rang budc 1a téng chi phi khong vugt qua 100 don vi.
11.3 Khéo st hé théng bao gom N nhém méc ndi ti€p v6i nj cdc phan ti
mic song song trén nhém j; j=1, 2,. . .,.N. Mdi phan t cta nhém j c6
gia thanh cj, trong lugng w; va do tin cay R;.
a) Pinh dang bai todn xdc dinh d9 tin cdy ctia hé thong la 16n nhat
theo cac rang budc vé gia thanh va khéi lugng ciia hé thong.
b) Gidi bai todn dinh dang trén muc a vé6i cdc di liéu trén bang 11.4.

Bdng 11.4
Nhoém j R; Cj Wi
1 0,9 5 3
2 0,7 6 1
3 0,8 8 2

Gid tri 16n nhat cta gid thanh 100. Gia tri 16n nh4t cua khéi lugng
50.
11.4 Hé thong gom N hé thong con. Gia s Fj 1a xdc suat lam viéc khong
héng ctia hé thong con thd j, j =1, 2, .., N. Khi d6 xdc sudt lam viéc
khong héng ctia hé théng c6 dang:

N N
Ry =] [Ri =] Ja-¥p
j=1 j=1

Do tin cay clia mdi hé thong con tang lén bing cdch dua vao céc
thanh phan du trit. Gid sl n; s6 cdc thanh phan du trit trong hé thong
con tht j. Nhu thé xdc sudt hong cua hé thong phu thd j 1a Fj lién
quan dén x4c sudt héng cla tiing phan t trong hé théng phu nhu sau:

4D
Fi=q;”

N nj >0

Gia st ¢j 1a gid thanh ctia mdi phan ti trong hé thong phu thd j,
C - 1a téng chi phi cho phép va W khéi lugng cho phép cia hé thong.
Bai toan t6i uu héa nhu sau:

Tim gi4 tri 16n nhAt cia ham:
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N
(nj+1)
Rhtzn(l_anJ )
=1

biéu kién rang bujc:
N

chnj <C

=l

N
ZWJHJ <Ww
j=1

>
n]_O

trong d6 n; 12 s6 nguyén.
Giai bai toan toi uu véi dif liéu cho trong bang 11.5.

Béng 11.5
S6 hé thong Gid ¢ Khoi lugng | Xac suat khong | Téng cho phi
con \ héng R; va khoi lugng
1 1,1 4,0 0,85
2 2,5 3,8 0,75 C=40
3 3,8 7,5 0,90 W=60
4 4,1 9,5 0,80
11.5 Khao sat hé thong bao gom N nhém méc song song véi n;j cdc phan
tif mac ndi tiép trén nhém j; j=1, 2,. . ., N. Mdi phan ti clia nhém j c¢6

gia thanh cj, trong lugng w; va do tin cay R;.

a) Pinh dang bai todn xdc dinh d9 tin cdy ctia hé thong la 16n nhat
theo cac rang budc vé gia thanh va khéi lugng ciia hé thong.

b) Gia bai todn dinh dang trén muc a véi dit liéu trén bang 11.6:

Bdng 11.6
Nhoém j R; Cj Wi
1 0,9 5 3
2 0,7 6 1
3 0,8 8 2

Gi4 tri 16n nhat cta gia thanh 100. Gia tri 16n nh4t cta khéi lugng 50.
11.6 Tim 1&i gidi cho bai toan t8i uu sau day st dung phuong phép db thi:
Tim gia tri 16n nhit cia ham f(x1, x2) = 3x1 + Xo.
Véi rang budc:
3x1+2x9 > 6
X1+X2 < 8
2x1-4%9 < 2
- 4x1+3x9 < 12
x120;x220
11.7 Hé théng méic song song gdm hai phan ti c6 cudng do héng 1a A; va
L2 dugc t6i uu theo gia thanh nhé nh&t. Gid thanh cic phan ti la
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c1=100/11 va c2=200/A2. Tim céc gid tri A; va A dé téng gid thanh la
nhd nh4t va do tin cay cha hé 1a 0,99.
11.8 Ung suat xodn 16n nhat sinh ra trong 1o xo nén (hinh 11.20) dugc
xéac dinh theo cong thuc:
_(ed 0615
Yo (4c-4) ¢
v6i: ¢ = D/d 1a chi s6 10 xo0; D — dudng kinh trung binh; d- dudng kinh
day; F- luc nén.
Do cing k cua 1o xo xdc dinh theo cong thic:

s
8D%n
v6i: G - modun dan hdi trugt va n — s6 vong lam
viéc caa 1o xo. l "

Ld xo dugc st dung trong hé théng c¢6 do |
ciing k = 2 + 0,04 N/mm. Gi6i han chiy cét 16 xo
T = 630 £ 70 MPa, khéi lugng riéeng p = 7,9
kg/dm?, médun dan hdi truot G = 8.10* +
0,35.10* MPa. Luc nén 16 xo F = 2000 + 500 N. %
Gid sl rang tat cd cdc dai lugng trén tuan theo °

qui luat phan phéi chudn. Ngoai ra hé s6 bién

phan cdc dai lugng a, D va n 1a 0,1. Pinh dang |

bai todn tim a, D va n dé khéi luong trung TF
D

binh 14 nhé nhat v6i rang budc do tin cay R >
0,99 theo dd bén ciing nhu theo d6 ciing cia 1o
X0.

Hinh 11.20

11.9 St dung phuong phap d6 thi gidi bai todan téi uu 1o xo trén co sé do
tin cdy nhu bai tap 11.8.

11.10 Truc hinh tru rdng dugc thiét ké theo khdi lugng nhé nhat véi rang
bude do tin cay 0,999 véi moment xodn T = N(100000, 1000) Nm. Giéi
han chay khi cit 1a to= N(350, 35) MPa, khi ting sudt 16n nhat sinh
ra:

T,
N
trong d6: ro 1a ban kinh ngoai cta truc, J 14 moment quén tinh doc cuc
clia mit cit ngang.
Dung sai ché& tao ban kinh ngoai va trong cta truc 1la +0,1mm.
Chiéu dai truc 1250 + 25 mm va khéi lugng riéng cia vat liéu la
7,9.10%+7,9.10% kg/m®. Pinh dang bai todn thiét k& va gidi ching bang
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phuong phéap dd thi. Gid st ring gid tri cdc bién phan phéi theo qui
luat chudn va dung sai chi dinh bing 3S.

11.11 Luc xiét F; tac dung truéc trén mdi bulong M6 cia nhém goém 08
buldng cdch déu nhau (hinh 11.21), ¢6 dinh dau xilanh vé6i vong dém,
c6 gia tri 40004400 N. Xilanh, d4u xilanh va buldng dugc ché& tao tir
thép c¢6 mddun dan héi E = 2,1.10° + 2,1.10* MPa. Po bén bulong khi
tha nghiém 350 + 35 MPa.

Vong dém c6 chidu day ts v6i modun dan héi 1750+ 175Pa. Ung
suat sinh ra trén bulong dugc xdc dinh theo cong thic:

_xE B

Ap Ay

trong d6: F 1a luc kéo tdc dung 1én mdi bulong; F; — 1a luc xiét téc

dung 1én mdi buléng; A, 1a dién tich tiét dién buléong tinh tng suit

Gy

kéo; y - hé s6 ngoai luc.
Hé s6 ngoai luc 3 dugc xdc dinh theo cong thiec:
O
O + 90y

X =
trong dé: &m va 8 12 do mém chia vong dém va buldong duge xac dinh
theo cong thic:

1
Sb = b ;Sb = lm
AbEb AmEm
v6i: 1y (L) 12 chiéu dai tinh todn ctia buléng va méi ghép; A, (An) la
dién tich mét cit ngang bulong va mdi ghép; Ep (En) 12 moédun dan

héi chia buldng va moi ghép.
Ap luc bén trong xilanh 3500 + 350 Pa. Pinh dang bai toan tim
va 1, d€ khdi lugng dau xilanh 14 nhé nhat véi rang bude do tin cay

ctia bulong 1a 0,999 va 12,5mm < t(t2) < 25mm.

n
N
250+12,5 o
fhe;
| 200+12,5 | 1|
N jammn)|
u'N) —
S| N&p xilanh Q
e o
o Xilanh 3
Bulong 1]
150+7,5
\t=t£0,25 \t=t£0,25
Hinh 11.21
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CHUONG 12

CHUONG TRINH TiNH TOAN THIET KE
VA PHAN TiCH HE THONG CO KHi THEO
PO TIN CAY (RADME)

Trong chuong nay ching toi gi6i thiéu két qua tinh toan thiét k& va
phan tich két cdu co khi va cac chi tié€t may theo do tin cdy. Trong tinh todn
theo do tin ciy ta khdo s4t kich thudc hinh hoc, co tinh vat liéu va tai trong
ngoai nhu 1a cdc dai lugng ngiu nhién va tinh todn theo céc gia tri giéi han.
Trén co s& 1y thuyét trinh bay cédc chuong trudc ching téi xay dung chuong
trinh RADME (Reliability - based Analysis and Design of Mechanical
system) tinh toan theo do bén va do ciing. Chuong trinh gom 3 phan (hinh
12.1):

- Tinh todn mot sd két cdu co khi.
- Do tin cay céc chi tiét truyén dong: banh rang, truc, 6 lin.
- Do tin cay céc chi tiét may khac.

. RADME ( Phan tich va thiet ke co khi theo do tin cay ) 3
RADME ( PHAN TiCH VA THIET KE CO' KHi THEO B9 TIN CAY)

Tinh toan kel cau co khi 1 Tinhtoan barhrang, e, vagln | Do tin cay cac chi fiet may khac

Cac Dang Tinh Tean

% Tinh taan thanh chiu keo " Tinh toan thanh chiu uon " Tinh taan thanh chiu uon va xoan
" Tinh taan thanh chiu xoan £~ Tinh toan dam chu | chiu uon " Tinh taan thanh chiu uon he tinh dinh
" Tinh toan thanh uon doc " Tinh thanh chiu luc phue tap " Tinh toan thanh chiu uon voi 2 luc tac dung

" Tinh toan thanh chiu tai trong phan bo

Tiép Tuc Thoat ”

Hinh 12.1
Céc chi ti&t chi y&u hé théng truyén dong bao gom: banh ring, truc
va 6 lan (hinh 12.2) Trong muc nay ta tinh céc chi tiét hop gidm téc 1 cdp
cho hé thong truyén dong hinh 12.2 [30]. C4c s6 liéu trong bang 12.1.

1- dong co; 2- bo truyén dai; 3- hop gidm tdc; 4- bd truyén xich; 5- bang tai
Hinh 12.2 Hé théng truyén dong cho bdng tdi
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Bang 12.1 Ddc tinh kj thudt hé théng truyén dong

Chuong 12

Truc
- Pong co I 1I II1
Thong s6
Cong suit, (kW) 6,02 5,66 5,43 5
Ty s6 truyén 3,25 2,5 2,5
Moémen xodn, (Nmm) 592391 181380 434855,4 1001048,2
S6 vong quay, (vg/ph) 968 298 119,2 477

12.1 TINH TOAN THIET KE BO TRUYEN BANH RANG

Dé tinh todn thiét k& bd truyén banh ring ta chon niat Tinh todn
bdanh rang, truc va 6 lan (hinh 12.3).

% RADME ( Phan tich va thiet ke co khi theo do tin cay )
RADME ( PHAN TiCH VA THIET KE CO KHi THEO DO TIN CAY)

Tinh toan ket cau oo khi | Ifinh toan banh rang. fric, va o jam | Dol cay cac chitiet may khac

(* Tinh toan banh rang
€ Tinh toan tus

" Tinh toan o lan

Tiép Tuc | Thoéat |

Hinh 12.3
Dua trén trinh tu trinh bay chuong 8 ta tién hanh tinh toan thiét k&
va phan tich bdnh rang theo dd tin cdy. Tinh todn thiét k& banh riang theo
do tin cay dugc thuc hién theo tiéu chudn bén tiép xic (hinh 12.4).

&, Do tin cay bo truyen banh rang

FE®

P tin cay bd truyén banh riang

i~ Tinh toan theo do ben tiep suc

(" Tinh xac suat lam viec khong hong cua bo tuven banh rang
Ry

(+ Tinh toan thiet ke banh rang theo do tin ca
c_i(mm)

i~ Tinh taan theo do ben uon

" Tinh ac suat lam viec khong hong cua banh rang
RF
" Tinh toan thiet ke banh rang theo do tin cay

a(mm)

Tiép Tuc Thoat

Hinh 12.4
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K&t qua tinh todn

d. Céc tham s6 ngau nhién cho trudc:
KHB = 1715; I_<HV = 1,27 KH(}, = 0,8, hé

Bién thiét k& ngadu nhién 1a
gid tri trung binh cdc hé s6 Ka = 1;
s0 bién phan tdi trong ngoai vk = 0,1. Gid tri trung binh va hé s6 bién
phan cédc dai luong khac: T= N(181385, 18138,5); Znm= N(269,49; 5,68); Z =
N(1,76; 0,0838); Z: = N(0,9037; 0,012426); Zr= N(1; 0,003), Zyv= N(1,04;
0,0343); Ky = N(0,92; 0,03036); Kxa = N(1,03; 0,0339); Kur = N(1; 0,033);
u = N(2,5; 0,125); yna = N(0,4; 0,04). Banh rang dugc ché tao tir thép toi cai
thién, gid tri trung binh va sai léch binh phuong trung binh cta giéi han
méi 6%, = N(625, 45) MPa. Cac dai lugng khdc xem nhu don dinh. Cho biét
Sa
ta thu dugc d = 91,71 mm va Sq = 0,917 mm (hinh 12.5a).

=0,01d va xdc sudt lam viéc khong héng R = 0,99. K&t qua tinh todn

S, Tinh toan thiet ke banh rang theo do tin cay theo tieu chuan ben tiep xuc CEx
Tinh toan thiét ké theo do tin cay theo tiéu chuan bén tiép xic
~Dulieurhap
T [e135 s, [mims K, | Se |1 v |
Kz [115 Koy 112 K. 108 Z, [269.43 S, [5.68
Zy [1.76 5, IF&BB Z, |ososr S;, |0m2426
zZ, h s, [oo: z, [t s, [ooss
K, [ns2 G | CETE S T E] S, 0039
K I S, [oo3 u s s, [mi=
Y. Jo.a S, J0.04
N — ) S E ol & DoranbemstH> 3B0HB
v, [ R [® = z = © DoranbematH <= B0 HB
~Ketq
v, lonozowoior v foowees He  [letozzEimTrME
| G J4mB7ER 97108 3
K&t Qua | Thoat |

. Tinh xac suat lam viec khong hang bo truyen banh rang (ben tiep xuc) (= 3]
Tinh xéac suat lam viéc khéng hong bo truyén banh rang theo
tiéu chuén bén tiép xuc

- Dulisu rhap

T [ s [eim K, vy 07

R [115 B 12 RKa 08 Z,, J=aas s, [568

Zy 176 S, m Z, |ososr 5, |o.012428

Z, [ s, oo z, [t s, [oos

K, [nsz Se. Jomms K, [13 5., l0039

K. [ S, [oos u a5 s, [0

4 [ 5, [=

m s oo (+ Daranbe mat H> 0B

R (P Sy | Dornbemel3mke
Ketq

o [wemn S T — o —

T [tz | 2, [2mems Ry

K&t Qua Thoat

b)

Hinh 12.5
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Bai todn phan tich vé6i cdc s6 liéu nhu trén ta xdc dinh xdc sudt lam
viéc khong héng banh riang theo do tin cay theo tiéu chudn bén tiép xic véi
d = N(92; 0,92) mm. K&t qua tinh todn R = 0,99086 nhu hinh 12.5b.

&. Tinh toan thiet ke banh rang theo do tin cay theo tieu chuan ben uon

181385 18138
0.07632308

0109626
| [CO—

1.085 0.035145 [
003333 003333
[

1.61610506727573 383 36530368235 0.205155460336345
£29.25525 0,101 356599374123 47.0933849280273

& Tinh xac suat lam viec khong hong cua banh rang theo tieu chuan ben uon

181385 18138
0.07692308

0.103826
0.252

0035145
003333 003333

367.716625072338 0.208154136717922 £29.25625 0.1071464521 566341
1.71125047684807 -2 623916370788 0.995604

b)
Hinh 12.6
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Tiép theo ta tinh toan thiét k& banh réng theo d6 tin ciy theo tiéu
chu&n bén udn (néu b truydn dé hd) véi xdc suat khong héng R = 0,99, Ka
= 1; Hé s6 bién phan tdi trong ngoai vk, = 0,1; Yr= N(1,065; 0,035145),
Ys= N(1,01; 0,03333); Yx= N(1; 0,03333); Kr. = N(1; 0,033); Kgc= 1; T
= N(181385; 18138,5); yna = N(0,8; 0,08); Krp = N(1; 0,033); Krv = N(1,18;
0,103826); Yr = N(3,80; 0,252). Cac dai lugng sau la don dinh: Kp.=1; Y. =1;
Kz = 1; Yg = 1. Banh rang dugc ché tao tir thép toi cai thién, gid tri trung
binh va sai léch binh phuong trung binh cia gidi han méi oy, = N(585; 45)
MPa. Céc dai lugng khdc xem nhu don dinh. Cho bi&t S4=0,01d. K&t qua
tinh toan ta thu dugc d = 47,093 mm va Sq = 0,471 mm (hinh 12.6a).

Tiép theo ta tinh todn xdc sudt lam viéc khong héng cia banh ring
tru rang thang theo tiéu chudn bén médi udn véi cac s6 lidu nhu trén va gia
tri trung binh va sai léch binh phuong trung binh dudng kinh d = 42 mm, Sq
= 0,42mm. K&t qua tinh toan R = 0,9956 nhu hinh 12.6b.

12.2 TINH TOAN THIET KE VA PHAN TiCH TRUC
Dua trén trinh tu trinh bay chuong 5 ta tién hanh tinh toan thiét ké&
va phan tich banh riang theo d9 tin cay (hinh 12.7). Pau tién ta tinh cho truc

I.
=, Thiet ke va phan tich truc OE®E

THIET KE VA PHAN TiCH TRUC
THEO DO TIN CAY

~Truong hop 1 ~Truong hop 2

& Janng
O TaivitiB

£ Taivitic
" TaivikiB

~Tiuong hop ~Truong hop 4

" TaivitiC " TaivikiC

O TaivitiD O TaivitiD

|>
-~
s
=
»'H
=

Tiép Tuc Thoat | ‘

Hinh 12.7
12.2.1 Tinh truc I
Gia sl ta chon truong hgp 1 va tai vi tri C (luc Fy; va Fis nguge chiéu).
Cac thong s6 nhap vao: vat lidu chon c6 giéi han méi ms 1 = 255MPa, hé so bién

phan vs 1= 0,1. Céc dai lugng nghu nhién 1a tai trong tac dung:
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mr = 181385 mm, St = 18138 Nmm, mgp1 = 1180 N, Spq = 118 N, mpe = 792 N, Spye
= 79,2 N, mry = 3280 N, Spy = 328 N. Céc dai lugng ngiu nhién 14 kich thuéc my
=150 mm, S; = 2 mm, m, = 75 mm, S, = Imm, my = 90 mm, S, = 1,2 mm. Cac dai

luong lién quan giéi han moéi: m; = 0,8, S; = 0,02; mg= 1, S = 0,02; mgs = 2,5; Sko
= 0,03; mgr = 1,1, Skr. = 0,033. Thiét k& véi dp tin cay R = 0,999.
K&t qua tinh toan thiét k& nhu hinh 12.8.

= Truong hop 1 - Tai

vitriC

TRUONG HOP 1 Fiy va Fr NGU'QC CHIEU - TAI V] TRiC

Tinh toan thiet ke 1 Tinh toan kac suat
~ D liew dau vai
T 191385 s, = E, [1e0 s [ns
E, [m=2 s [r2 F, |28 s, [a E
. * i
E [0 s o 2 [m s I
b [@ s, [12 N s I
R [osw JE3 R (] c, = s [=s
2 Jos s, oo B 1 s, [z
K 11 S, [oot K. |25 S, 02 F.|E
5 pte| @
- Cac ket qua tinh - > ; -
| PR I
M. [7sz30 S, [5r2z50677260 My [123000 Sy, [120Emeree
M7z S, [1518963032%6 v, [007087867 z, [303
G [e277243322 s [4starszsz v, |no7e7siss n [1.76953472
Oy 111.078 S 14.8713217 v, 0.13388179 d 3267107021
- o o

Hinh 12.8 Tinh todn thiét ké truc

Sau dé6 vé6i cac s lidu nhu trén va 18y duong kinh d c6 gia tri trung binh va
sai léch binh phuong trung binh ta tién hanh phan tich do tin cay (hinh 12.9).

. Truong hop 1 - Tai vi

tri C

TRUGNG HOP 1 Frq va Fr, NGU'Q'C CHIEU - TAI VI TRi C

Glim

Se., 128713217

v, 013388179
T

Z

Tink toan thist ke 1 Tinh toan xac suat
- Dulieu dau va
T [18133% s [s138 F, |80 s s
E, [m2 s, [m2 F, [0 s [ E
A A .
E D 5. a [ s .
al
ET] s, 12 1 [im s |2 A B
d |z s, [0z s, | s, (=5 X
£ |os s, [oos B[ s, o :
K, 1 001 K_ [25 02
| 5, | L s | , A
-~ Cac ket qua tinkh toan Il Ll : -
M, [75830 S, [572250677260 M. [123000 S, |12408.385167535 "
M [214911.1462180. S, [15189.634032% v, [0.07067667 R 0997744
O |e6.60502198 S [472590158 v, (007074231 8 |1.66271931
[111.078 -2.83724943 Thoat

Hinh 12.9 Tinh todn phan tich do tin cdy

Ung dung chuong trinh trén ta khao sat anh huéng cac dai lugng ngiu nhién
dén do tin cay va kich thudc thit k&. Gidi han méi c_; &nh hudng 16n nhat, vi du
khi céc gia tri hé so bién phan ve;1a 0,01; 0,1 va 0,2 thi kich thu6c dudng kinh d
tang déng k& tuong ting 30,7218, 32,6711 va 39,5186 mm va do tin ciy giam dan
0,999971; 0,997744 va 0,96327. Do chinh x4c kich thu6e it Anh hudng dén do tin
cay. Do d6 trong mdt so bai toan ta c6 thé bé qua su dnh huéng nay.
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12.2.2 Tinh truc II
D& tinh toan cho truc II ta tién hanh tuong tu. Gia st ta chon truong hop 2
va tai vi tri C (luc Fy; va Fy2 ngudc chiéu).

= Thiet ke va phan tich truc (=)

THIET KE VA PHAN TicH TRUC
THEO DO TIN CAY

 Truong hop 1 ~Truong hop 2
" TaivitiC & Faiviii G
 TaivitiB  TaivitiB
 Truong hop ~Twong hop 4
C TaivitiC  Taivinic
O TaivitiD O TaivitiD
-« 1. et 4]
1 - -

Tiép Tuc Thodt ‘

Hinh 12.10

Cac thong s0 nhap vao nhu truc I (chi khac luc Fie tac dung truc ctia bd truyén
xich): vat lidu chon c6 gi6i han méi me; = 255MPa, he s§ bién phan ve; = 0,1. Cac
dai lugng ngiu nhién 1a tai trong tac dung: mr = 434855,4 Nmm, Sr = 43485,54
Nmm, mpy = 1180 N, Spr1 = 118 N, mpe = 5160,74 N, Spe = 516,074 N, mypy = 3280
N, Sri1 = 328 N. Céc dai lugng ngau nhién 1a kich thuéc my = 150 mm, S} = 2 mm,
m, = 75 mm, S, = Imm, mp, = 90 mm, S, = 1,2 mm. Cac dai lugng lién quan giéi han
moi: mg = 0,8, S; = 0,02; mp = 1, Sg = 0,02; mgs = 2,5; Sk = 0,03; mxgr = 1,1, Sk,
= 0,033. Thiét k& véi dd tin cay R = 0,999.

K&t qua tinh toan thiét k& nhu hinh 12.11 véi d = 42,54 mm.

i Truong hop 2 - tai vi tri C

TRUENG HOP 2 F4 va F; CUNG CHIEU - TAIV] TRi C
Tinh toan thiet ke 1 Tinh toan ac suat

- Duliew dau va

T [ases54 5 [4mmmse E, [120 s, s

E, 518074 S., |516.074 E, |z S, [328

E, o Se, o a [ S, |1

b [0 s, [1.2 1 s 2

R [osm = v, fom s, |5 s, [

£ s s, ooz B S, |0.02

X, |11 S, loo K_ |25 s oz
- Cac ket qua tinh

M, |185733 Syp,. J2s410. 28156608 | M [116080 S, [11521 34483057

M,-[436218.3523268 SMiIEBUBE 38680452 vNi|u.ueasu739 z, [|am

O [s77i077816%53 S [5.45343459 v, [0.03:43535 1 [1.92473579

O 111078 s 6361 |y [o1arsanz d  [4254178445 " ketaua | Thoat

Hinh 12.11

299



Chuong 12
12.3 CHON VA DANH GIA PO TIN CAY O LAN

Theo trinh tu trinh bay trong chuong 8 ta c6 thé chon 6 l4n theo do
tin cay cho truéc hoidc xdc dinh x4c suat lam viéc khong hong 6 l4n. Ta chon
8 cho truc I va II. PAu tién chon nit 6 1an trén hinh 12.3, s& xudt hién hop
thoai nhu hinh 12.12.

5. Tinh toan o lan X

CHON & LAN € VA TiNH TOAN £0 TIN CAY R

& Tiuong hop 1 £ Tiuong hop 2

" Trong hop 3 7 Trong hop 4

[ F |_|
N (O Y
U D Fo E|C D|:|

::ﬂ %
e
@

I|I>

Hinh 12.12

Chon nit Truong hop 1 dé chon 6 cho truc I. Nhap cdc s liéu vao
nhu phan tinh truc, néu tudi tho 12 8000 h va n = 298 vg/ph va do tin cay &
R = 0,99 véi tudi tho nhu trén ta c6 két qua nhu hinh 12.13.

| Truong hop 1 voi Fr1 va Fr2 nguoc chieu

TRUONG HOP 1 VOI Frq VA Fro NGU'Q'C CHIEU
Chon o lan C 1 Tinh do tin cap Fi

-~ Du lieu nhap

L, [eoo0 n 298 E, [1a0 Ss, [118

F = s [m2 F, [2200 s [= F,
F, [o S, o a 5 s [ F

b [w s, [z 1 [i= s [z

R [oss 53 A PEF
[ Chool:

Ok v, oz

O Odua N
Ketq

Eo 052 s, [maezwme | Fg e s, [esesonsnzs

Ey 572 s [woisser | Eo [t s, [iesesonsnzs

E, wssemn s [usozee | E [radieee | s [eazserss

Q [esseme s, [wsozee | v, [ooressst | g [27120009

L [#04 | § [2imomzsis C [18247.98374585 K&t Qua Thoat

Hinh 12.13
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Ta thu dugec C= 18247,98 N, theo bang tra ta chon 6 306 véi d= 30

Tuong tu ta chon & cho truc 2 v6i Ly = 4000 h, n = 119,2 vg/ph. Két
qua ta c6 C =49308,47 N (hinh 12.14) theo bang ta chon & 408.

& Truong hop 2 voi Fr1 va Fr2 cung chieu FE&X

TRUGNG HQP 2 VOI Frqy VA Fr; CUNG CHIEU
Chon o lan C i Tink do tin cay R

~Dulieu nhap

L, faoo P [IEX] E, =0 s, [ns
E, [s6074 s [s1607 F, [0 s [
E, o s, o a I s, I
b 5, iz i 5 Ik
R |om ol oz s

~Cheolan

@ Db v @

£ Ddia m 3

~Ketaqu

Fo [Z0au s [7nenz | Fg fies s Jienasesnis |
E, [smier s [eoswson | Ry [es s [iezssssos |
E, [mmomer | s [wissien | E fessirez s [seseresia |
Q |esmseoiez s, [pleszesiat |y, [omoees o [272322765
T [zmess | @ (491888032788 C [49308.47423453 K&t Qua Thoét

Hinh 12.14
Vé6i cac loai 6 via chon ta tinh todn lai d tin cay cia 6 khi chon nit
Tinh do tin cay R.

12.4 KET LUAN
Tt két qua tinh toan thi€t k& va phan tich trén ta c6 cac két luan:

- Sit dung chuong trinh RADME thuén tién phan tich va thiét k& mot
s6 két cAu may va chi tiét may.

- Phuong phédp tinh todn thiét k& xac suit cho ta két qua chinh x4c
hon, ddm bao chat lugng, do tin cdy va an toan sdn phdm phu thudc
vao su thay d6i cdac dai lugng ngiu nhién.

- Co tinh vat liéu 4nh huéng 16n nhat dén do tin ciy hoic kich thude
thiét k& bo truyén banh riang, do phan tdn tai trong ciing &nh huéng
16n d&n do tin cay hoic kich thu6c thiét ké.

- Su thay ddi cac dai lugng kich thuéc it Anh huéng dén do tin cay va
trong mot s truong hop c6 thé bd qua.

Ta c6 thé st dung chuong trinh RADME dé tinh to4n thiét k& va phan
tich cum chi tiét may trén co sé do tin cay: hop toc do, hop gidm toéc va cdc hé
théng truyén dong khac cho may...

12.5 BAI TAP
12.1 Tinh to4n cdc chi tiét banh rang, truc va 6 lan cho hé théng truyén
dong nhu hinh 12.15 véi cac sb liéu cho trong bang 12.2.

301



Chuong 12

Hinh 12.15

Bdng 12.2

Truc
Thong 56 DPong co I II II1
Cong suét, (kW) 5,95 5,71 5,48 5
Ty s6 truyén 3,25 2,5 2,5
Mémen xoin, (Nmm) 58701 182988 439044 1001048,2
S6 vong quay, (vg/ph) 968 298 119,2 47,7

12.2 Tinh todn céc chi tiét banh ring, truc va 6 lin cho hé thong truyén
dong nhu hinh 9.12. Céc thong s6 dugc xdc dinh tir d6 thi s6 vong quay
hinh 12.16.

(5-6)
T=73993
n=968
N ne=1219, T=58757, u=0,79 (8-7)
N
T=73992 n.=968, T=73993, u=0,79 (8-7)
n,=968
n,=767, T=93393, u=0,79 (8-7)
(3-4)
T=93262 n,=609, T=117610, u=1,58 (10-9
n=768
u=1,26
1-2) n,=484, T=147985, u=1,58 (10-9)
T=117610
=609 n,=384, T=186523, u=1,58 (10-9)
u=1,58
Hinh 12.16
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PHU LUC 1

HAM PHAN PHOI CHUAN

yA
2
Gi4 tri cia ®(z), véi D(z) L e 2ax
R
z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
.0 | .50000 .50399 50798 51197 51595 51994 52392 52790 53188 | .53586
A 53983 54380 54776 55172 55567 55962 56356 56749 57142 57534
2 57926 58317 58706 59095 59483 59871 60257 60642 61026 | .61409
3 | 61791 62172 62552 62930 63307 63683 64058 64431 64803 65173
4 | 65542 65910 66276 66640 67003 67364 67724 68082 68439 | .68793
5 | 69146 69497 69847 70194 .70540 70884 71226 71566 71940 | 72240
6 | .72575 72907 73237 73565 73891 74215 74537 74857 75175 75490
7 | .75804 76115 76424 76730 77035 77337 77637 77935 78230 | .78524
8 | 78814 79103 79389 79673 79955 .80234 .80510 .80785 81057 | 81327
9 | .81594 81859 82121 .82381 82639 82894 83147 .83398 83646 | .83891
1.0 | .84134 84375 84614 84849 .85083 85314 .85543 85769 .85992 86214
1.1 | .86433 .86650 .86864 87076 87286 87493 87698 87900 88100 | .88298
1.2 | .88493 .88686 88877 .89065 89251 .89435 89616 89796 89973 90147
1.3 | .90320 .90490 .90658 90824 .90988 91149 .91309 91466 91621 91774
1.4 | .91924 192073 192220 92364 192507 92647 .92785 192922 93056 | .93189
1.5 | .93319 93448 93574 93699 .93822 93943 .94062 94179 94295 .94408
1.6 | .94520 .94630 94738 94845 .94950 95053 .95154 95254 95352 .95449
1.7 | .95543 .95637 95728 95818 .95907 95994 .96080 96164 96246 | .96327
1.8 | .96407 .96485 .96562 .96638 96712 96784 .96856 .96926 .96995 .97062
1.9 | .97128 97193 97257 97320 97381 97441 .97500 97558 97615 97670
2.0 | .97725 97778 97831 97882 97932 97982 .98030 98077 98124 .98169
2.1 | 98214 98257 .98300 98341 .98382 98422 .98461 .98500 98537 | .98574
2.2 | .98610 .98645 198679 98713 98745 98778 .98809 198840 98870 | .98899
2.3 | .98928 .98956 .98983 920097 | .9%0358 | .9%0613 | .9%0863 | .9%1106 | .9%1344 | .9%1576
2.4 | 91802 | .9%2024 | .9%2240 | .9%2451 | .9%2656 | .9%2857 | .9%3053 | .9%3244 | .9%3431 | .9%3613
2.5 | .9%3790 | .9%3963 | .9%4132 | .9%4297 | .9%4457 | 974614 | .9%4766 | .9%4915 | .9%5060 | .9%5201
2.6 | .9°5339 | .9%5473 | 95604 | .9%5731 | .9%5855 | .9%5975 | .9%6093 | .9%6207 | .9%6319 | .9%6427
2.7 | 9%6533 | .9%6636 | .9%6736 | .9%6833 | .9%6928 | .9%7072 | .9%7110 | .9°7197 | 97282 | .9%7365
2.8 | 97445 | .9°7523 | .9%7599 | .9%7673 | .9%7744 | .9%7814 | .9°7882 | .9%7948 | .9%8012 | .9%8074
2.9 | .9%8134 | .9%8193 | .9%8250 | .9%8305 | .9%8359 | .9%8411 | .9%8462 | .9%8511 | .9%8559 | .9%8605
3.0 | .9%8650 | .9%8694 | .9%8736 | .9%8777 | .9%8817 | .9%8856 | .9°8893 | .9%8930 | .9°8965 | .9%8999
3.1 | 9°0324 | 9°0646 | .9%0957 | .9*1260 | .9°1553 | .9°1836 | .9%2112 | .9%2378 | .9°2636 | .9°2886
3.2 | 9°3129 | .9°3363 | .9°3590 | .9°3810 | .9%4024 | .9%4230 | .9%4429 | .9%4623 | .9°4810 | .9°4991
3.3 | .9°%166 | .9°5335 | .9°5499 | .9%5658 | .9%5811 | .9%5959 | .9%103 | .9%6242 | .9°6376 | .9%6505
3.4 | .9%631 9%752 | .9%869 | .9%6982 | .9°7091 | .9°7197 | .9°7299 | .9°7398 | .9%7493 | .9°7585
3.5 | 97674 | 9%7759 | .9°7842 | .9%7922 | .9%7999 | .9%8074 | .9%8146 | .9°%8215 | .9°8282 | .9°8347
3.6 | .9°8409 | .9°8469 | .9°8527 | .9°8583 | .9%8637 | .9°8689 | .9°8739 | .9°8787 | .9°8834 | .9°8879
3.7 | 9%8922 | .9°8964 | .9%0039 | .9'0426 | .9%0799 | .9"1158 | .9"1504 | .9*1838 | .9'2159 | .9'2568
3.8 | 9765 | .9%3052 | .9'3327 | .9'3593 | .9'3848 | .9%4094 | .9%4331 | .94558 | .9%4777 | .9'4988
3.9 | 95190 | .9'5385 | 95573 | .9%5753 | .9%5926 | .9%6092 | .9'6253 | .96406 | .9'6554 | .9'6696
4.0 | .9'6833 96964 | .9'7090 | 97211 | 97327 | 97439 | .9'7546 | .9'7649 | .9'7748 | .9'7843
41 | 97934 | .9'8022 | 98106 | .9'8186 | .9'8263 | .9'8338 | .9'8409 | .9%8477 | .9'8542 | .98605
42 | 9'8665 | .9'8723 | 98778 | .9'8832 | .9'8882 | .9%8931 | .9'8978 | .9°%0226 | .9°0655 | .9°1066
4.3 | 91460 | .9°1837 | .9°2199 | .9%2545 | .9%2876 | .9°3193 | .9°3497 | .9°3788 | .9°4066 | .9°4332




Phu luc

4.4 .9°4587 .9°4831 .9°5065 .9°5288 .9°5502 .9°5706 .9°5902 .9°6089 .9°6268 .9°6439
4.5 .9°6602 .9°6759 .9°6908 .9°7051 9°7187 9°7318 .9°7442 .9°7561 9°7675 .9°7784
4.6 .9°7888 .9°7987 .9°8081 .9°8172 .9°8258 .9°8340 .9°8419 .9°8494 .9°8566 .9°8634
4.7 .9°8699 .9°8761 .9°8821 .9°8877 .9°8931 .9°8983 .9%0302 .9%0789 .9%1235 .9%1661
4.8 .9%2067 .9%2453 902822 9%3173 .9%3508 903827 .9%4131 .9%4420 .9%4696 .9%4958
4.9 .9%5208 985446 985673 .9%5889 .9%6094 .9%6289 .9%6475 .9%6652 .9%6821 .9%6981
D (2) z
0.60 0.253
0.70 0.524
0.80 0.842
0.90 1.282
0.95 1.645
0.99 2.326
0.999 3.090
0.9999 3.719
0.99999 4.27
0.999999 4.75
0.9999999 5.20
0.99999999 5.61
0.999999999 6.00
0.9999999999 6.36

Chu y: @ (-z) = ® (z); @ (3) = 0.9%8650 = 0.998650
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Phu luc

PHU LUC 2

HAM PHAN PHOI STUDENT

Gia tri t(n, o/ 2)

v o/2=04 | 0.25 0.1 0.05 0.025 0.01 0.005 0.0025 0.001 0.0005
a=08 0.5 0.2 0.1 0.05 0.02 0.01 0.005 0.002 0.001

1 0.325 1.000 | 3.078 | 6.314 | 12.706 31.821 63.657 127.32 318.31 636.62

2 .289 0.816 | 1.886 | 2.920 | 4.303 6.965 9.925 14.089 22.327 31.598

3 2177 .765 | 1.638 | 2.353 | 3.182 4.541 5.841 7.453 10.214 12.924
4 .271 741 | 1533 | 2.132 | 2.776 3.747 4.604 5.598 7.173 8.610
5 0.267 0.727 | 1476 | 2.015 | 2.571 3.365 4.032 4.773 5.893 6.869
6 .265 718 | 1440 | 1.943 | 2.447 3.143 3.707 4.317 5.208 5.959
7 .263 711 | 1145 | 1.895 | 2.365 2.998 3.499 4.029 4.785 5.408
8 .262 706 | 1.397 | 1.860 | 2.306 2.896 3.355 3.833 4.501 5.041
9 .261 .703 | 1.383 | 1.833 | 2.262 2.821 3.250 3.690 4.297 4.781
10 0.260 0.700 | 1.372 | 1.812 | 2.228 2.764 3.169 3.581 4.144 4.587
11 .260 .697 | 1363 | 1.796 | 2.201 2.718 3.106 3.497 4.025 4.437
12 .259 .695 | 1.356 | 1.782 | 2.179 2.681 3.055 3.428 3.930 4.318
13 .259 .694 | 1350 | 1.771 | 2.160 2.650 3.012 3.372 3.582 4.221
14 .258 .692 | 1.345 | 1.761 | 2.145 2.624 2.977 3.326 3.787 4.140
15 0.258 0.691 | 1.341 | 1.753 | 2.131 2.602 2.947 3.286 3.733 4.037
16 .258 .690 | 1.337 | 1.746 | 2.120 2.583 2.921 3.252 3.686 4.015
17 .257 .689 | 1.333 | 1.740 | 2.110 2.567 2.898 3.222 3.646 3.965
18 .257 .688 | 1.330 | 1.734 | 2.101 2.552 2.878 3.197 3.610 3.922
19 .257 .688 | 1.328 | 1.729 | 2.093 2.539 2.861 3.174 3.579 3.883
20 0.257 0.687 | 1.325 | 1.725 | 2.086 2.528 2.845 3.153 3.552 3.850
21 .257 .686 | 1.323 | 1.721 | 2.080 2.518 2.831 3.135 3.527 3.819
22 .256 .686 | 1.321 | 1.717 | 2.074 2.508 2.819 3.119 3..505 3.792
23 .256 .685 | 1.319 | 1.714 | 2.069 2.500 2.807 3.104 3.485 3.767
24 .256 .685 | 1.318 | 1.711 | 2.064 2.492 2.797 3.091 3.467 3.745
25 0.256 0.684 | 1.316 | 1.708 | 2.060 2.485 2.787 3.078 3.450 3.725
26 .256 .684 | 1315 | 1.706 | 2.056 2.479 2.779 3.067 3.435 3.707
27 .256 .684 | 1.314 | 1.703 | 2.052 2473 2.771 3.057 3.421 3.690
28 .256 .683 | 1.313 | 1.701 | 2.048 2.467 2.763 3.047 3.408 3.674
29 .256 .683 | 1.311 | 1.699 | 2.045 2.462 2.756 3.038 3.396 3.659
30 0.256 0.683 | 1.310 | 1.697 | 2.042 2.457 2.750 3.030 3.385 3.646
40 .255 .681 | 1.303 | 1.684 | 2.021 2.423 2.704 2.971 3.307 3.551
60 .254 .679 | 1296 | 1.671 | 2.000 2.390 2.660 2.915 3..232 3.460
120 .254 677 | 1.289 | 1.658 | 1.980 2.358 2.617 2.860 3.160 3.373
o« .253 .674 | 1.282 | 1.645 | 1.960 2.326 2.576 2.807 3.090 3.291
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Phu luc

PHU LUC 3

Gia tri cia y’ =y}, v6i o :1_sz =22

HAM PHAN PHOI y°

je—xlzx(nlz)—ldx
2

12

o | 0.995 0.990 0.975 0.950 0.900 0.750 0.500

n

1 392704.10°° 157088.10° 982069.10°° 393214.10° 0.0157908 | 0.0105308 | 0.454936
2 0.0100251 0.0201007 0.0506356 0.102587 0.210721 0.575364 1.38629
3 0.0717218 0.114832 0.215792 0.351846 0.584374 1.212534 2.36597
4 0.206989 0.297109 0.484419 0.710723 1.063623 1.92256 3.35669
5 0.411742 0.554298 0.831212 1.145476 1.61031 2.67460 4.35146
6 0.675727 0.872090 1.23734 1.63538 2.20413 3.45460 5.34812
7 0.989256 1.239043 1.68987 2.16735 2.83311 4.25485 6.34581
8 1.34441 1.64650 2.17973 2.73264 3.48954 5.07064 7.34412
9 1.73493 2.08790 2.70039 3.32511 4.16816 5.89883 8.34283
10 2.15586 2.55821 3.24697 3.94030 4.86518 6.73720 9.34182
11 2.60322 3.05348 3.81575 4.57481 5.57778 7.58414 10.3410
12 3.07382 3.57057 4.40379 5.22603 6.30380 8.43842 11.3403
13 3.56503 4.10692 5.00875 5.89186 7.04150 9.29907 12.3398
14 4.07467 4.66043 5.62873 6.57063 7.78953 10.1653 13.3393
15 4.60092 5.22935 6.26214 7.26094 8.54676 11.0365 14.3389
16 5.14221 5.81221 6.09766 7.96165 9.31224 11.9122 15.3385
17 5.69722 6.40776 7.56419 8.67176 10.0852 12.7919 16.3382
18 6.26480 7.01491 8.23075 9.39046 10.8649 13.6753 17.3379
19 6.84397 7.63273 8.90652 10.1170 11.6509 14.5620 18.3377
20 7.43384 8.26040 9.59078 10.8508 12.4426 15.4518 19.3374
21 8.03365 8.89720 10.28293 11.5913 13.2396 16.3444 20.3372
22 8.64272 9.54249 10.9823 12.3380 14.0415 17.2396 21.3370
23 9.26043 10.19567 11.6886 13.0905 14.8480 18.1373 22.3369
24 9.88623 10.8564 12.4012 13.8484 15.6587 19.0373 23.3367
25 10.5197 11.5240 13.1197 14.6114 16.4734 19.9393 24.3366
26 11..1602 12.1981 13.8439 15.3792 17.2919 20.8434 25.3365
27 11.8076 12.8785 14.5734 16.1514 18.1139 21.7494 26.3363
28 12.4613 13.5647 15.3079 16.9279 18.9392 22.6572 27.3362
29 13.1211 14.2565 16.0471 17.7084 19.7677 23.5666 28.3361
30 13.7867 14.9535 16.7908 18.4927 20.5992 24.4776 29.3360
40 20.7065 22.1643 24.4330 26.5093 29.0505 33.6603 39.3353
50 27.9907 29.7067 32.3574 34.7643 37.6886 42.9421 49.3349
60 35.5345 37.4849 40.4817 43.1880 46.4589 52.2938 59.3347
70 43.2752 45.4417 48.7576 51.7393 55.3289 61.6983 69.3345
80 51.1719 53.5401 57.1532 60.3915 64.2778 71.1445 79.3343
90 59.1963 61.7541 65.6466 69.1260 73.2911 80.6247 89.3342
100 | 67.3276 70.0649 74.2219 77.9219 82.3581 90.1332 99.3341
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o 0.250 0.100 0.050 0.025 0.010 0.005 0.001

n

1 1.32330 2.70554 3.84146 5.02389 6.63490 7.87944 10.828
2 2.77259 4.60517 5.99146 7.37776 9.21034 10.5966 13.816
3 4.10834 6.25139 7.81473 9.34840 11.3449 12.8382 16.266
4 5.38527 7.77944 9.48773 11.1433 13.2767 14.8603 18.467
5 6.62568 9.23636 11.0705 12.8325 15.0863 16.7496 20.515
6 7.84080 10.6446 12.5916 14.4494 16.8119 18.5476 22.458
7 9.03715 12.0170 14.0671 16.0128 18.4753 20.2777 24.322
8 10.2189 13.3616 15.5073 17.5345 20.0902 21.9550 260125
9 11.3888 14.6837 16.9190 19.0228 2106660 23.5894 27.877
10 12.5489 15.9872 18.3070 20.4832 23.2093 25.1882 29.588
11 13.7007 17.2750 19.6751 21.9200 24.7250 26.7568 31.264
12 14.8454 18.5493 21.0261 23.3367 26..2170 28.2995 32.909
13 15.9839 19.8119 22.3620 24.7356 27.6882 29.8195 34.528
14 17.1169 21.0641 23.6848 26.1189 29.1412 31.3194 36.123
15 18.2451 22.3071 24.9958 27.4884 30.5779 32.8013 37.697
16 19.3689 23.5418 26.2962 28.8454 31.9999 34.2672 39.252
17 20.4887 24.7690 27.5871 30.1910 33.4087 35.7185 40.790
18 21.6049 25.9894 28.8693 31.5264 34.8053 37.1565 42.312
19 22.7178 27.2036 30.1435 32.8523 36.1909 38.5823 43.820
20 23.8277 28.4120 31.4104 34.1696 37.5662 39.9968 45.315
21 24.9348 29.6151 32.6706 35.4789 38.9322 41.4011 46.797
22 26.0393 30.8133 33.9244 36.7807 40.2894 42.7957 48.268
23 27.1413 32.0069 35.1725 38.0756 41.6384 44.1813 49.728
24 28.2412 33.1962 36.4150 39.3641 42.9798 45.5585 51.179
25 29.3389 34.3816 37.6525 40.6465 44.3141 46.9279 52.618
26 30.4346 35.5632 38.8851 41.9232 45.6417 48.2899 54.052
27 31.5284 36.7412 40.1133 43.1945 46.9629 49.6449 55.476
28 32.6205 37.9159 41.3371 44.4608 48.2782 50.9934 56.892
29 33.7109 39.0875 42.5570 45.7223 49.5879 52.3356 58.301
30 34.7997 40.2560 43.7730 46.9792 50.8922 53.6720 59.703
40 45.6160 51.8051 55.7585 59.3417 63.6907 66.7660 73.402
50 56.3336 63.1671 67.5048 71.4202 76.1539 79.4900 86.661
60 66.9815 74.3970 79.0819 83.2977 88.3794 91.9517 99.607
70 771.5767 85.5270 90.5312 95.0232 100..215 104.215 112.317
80 88.1303 96.5782 101.879 106.629 112.329 116..321 124.839
90 98.6499 107.565 113.145 118.136 124.116 128.299 137.208
100 109.141 118.498 124.342 129.561 135.807 140..169 149.449
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TS. NGUYEN HUU LOC

THIET KE VA PHAN TiCH HE THONG CO KHi
THEO PO TIN CAY

Chiu trach nhiém xudt ban : GS. TS. T6 Ping Hai

Bién tap : Trinh Quang Trung
Stra bdn in : Poan Thanh Dién
Trinh bay : Hitu Loc

Bia : Ngoc Minh Design

NHA XUAT BAN KHOA HOC VA KY THUAT
70 Tran Hung Pao, Ha Nai

CHI NHANH NHA XUAT BAN KHOA HOC KY THUAT
28, Pong Khéi, Quan 1, TP Hé Chi Minh.
DT: 8225062 - 8296628

6CS
78 -39/ KHKT

72-2005/CXB

In 1000 cudn, khé 16x24 cm tai: Cong ty Xuat nhap kh4u nganh in TP
H6 Chi Minh.

S6 gidy phép: 72-2005/CXB cdp ngay: 7/11/2005.

In xong va nop luu chiéu: thang 01/2006.



Téc gid sach “Thiét k& va phan tich hé théng co khi theo do tin
cay”, TS. Nguyén Hitu Loc, dang cong tdc tai bd mon Thiét K& may,
Trudng Pai hoc Bach khoa TP H6 Chi Minh.

Nbi dung séch trinh bay vé mot trong nhitng van dé co ban cta
phuong phap thiét k& xdc suat 1a thiét k& trén co sé dod tin ciay. Phuong
phdp nay xét dén dic tinh nglu nhién cdc dai lugng thiét k& véi muc
dich nang cao d6 tin cdy, an toan va chdt lugng cho sdn pham.

Séch bao gom 12 chuong:

Chuong 1 Téng quan

Chuong 2 Ham phan bé cédc dai lugng ngdu nhién
Chuong 3 Céc dai lugng ngau nhién trong thiét ké&

Chuong 4 Ham s6 cia cdc dai lugng ngdu nhién
Chuong 5 Phan tich va thiét k& theo do tin cay
bang cdc phuong phdp xap xi

Chuong 6 Phan tich theo d9 tin cidy bang phuong phap
mo phéng va bé mat dap tng

Chuong 7 Thiét k& va phan tich két cdu theo do tin cay

Chuong 8 Co sé phan tich va thiét ké chi tiét may
theo do tin cay

Chuong 9 Phéan tich may thanh hé théng

Chuong 10 Phan tich va phan phéi do tin cay hé thong

Chuong 11 Thiét ké& t6i uu theo do tin cay

Chuong 12 Chuong trinh tinh todn thiét k& va phan

tich hé thong co khi theo d9 tin cay (Radme)

Sach phuc vu cho cong tac dao tao va nghién ciu cho sinh vién
cdc nganh ky thuit, hoc vién cao hoc, cdn bd gidang day va nghién ctu.

Gia: 35.000 dong
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