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Tinh todn Péng co dot trong- Chuwong 1 * Tinh todn nhém piston

Chuong 1

I-1

Tinh toan nhédm Piston

1.1.

Tinh nghiém bén piston

1.1.1. Xac dinh cac kich thwéc co ban

Céc kich thude co ban cua piston thuong dugc xac dinh theo nhiing cong
thtrc thuc nghiém (bang 1.1).
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Hinh 1.1 So dé tinh todn piston
Bang 1.1
Th@ng Sé Pong co tinh tai va tau Pong co 6 td va may kéo Pong co cao toc
thuy
Cylén | Canho Diesel Xang Diesel Xang
Chiéu day dinh &
Khoéng lam mat dinh (0,08-0,2)D (0,1-0,2)D (0,03-0,09)D (0,1-0,2)D (0,04-0,07)D
Co6 lam mat dinh (0,04-0,08)D (0,05-0,1)D
Khoang céch h tir dinh (1-3)8 (0,6-2)5 (1-2)8 (0,5-1,5)8 0,8-1,5)5 (0,6-1,2)8
dén xéc mang thir nhat
Chiéu day s phan du (0,05-0,08)D (0,05-0,1)D (0,06-0,12)D
Chiéu cao H cua piston | (1,5-2)D (1-1,7)D (1-,6)D | (1-1,4)D 0,6-DD | (0,5-0,8)D
Vi tri chot piston (0,8-1,2)D (0,65-0,9)D (0,5-1,2)D (0,35-0,45)D
Puong kinh chét dep (0,35-0,5)D (0,3-0,45D | (0,22-0,3D | (0,3-0,5D [ (0,25-0,35)D
Puong kinh bé chét,db (1,4-1,7)dcp (1,3-1,6)dcp (1,3-1,6)dcp
Buemg kinh trong chdt d, (0,4-0,7)dcp (0,6-0,8)dcp (0,6-0,8)dcp
Chiéu day phin than s, (0,3-0,5)s 2-5mm (0,02-0,03)D
Sb xec mang khi 57 ] 4-6 3-4 | 2-4 3-4 | 2-3
Chiéu day hudng kinh ¢ (1/25-1/35)D (1/22-1/26)D (1/25-1/32)D
Chiéu cao a _ (0,5-1)t 2,2-4mm (0,3-0,6)t
S6 xec mang dau 1-4 1-3 1-3
Chié€u day bo ranh a, (1-1,3)a >a >a
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Tinh todn Péng co dot trong- Chuwong 1 * Tinh todn nhém piston 1-2

1.1.2. Diéu kién tai trong
Piston chiu lgc khi thé Py, luc quén tinh va [uc ngang N, déng thg‘yi chiu tai

trong nhiét khong déu. Khi tinh toan ki€ém nghiém bén thuong tinh voi diéu kién tai
trong 16n nhat.
1.1.3. Tinh nghiém bén dinh piston

_ Tinh nghiém bén dinh piston déu phai gia thiét luc tic dung phan bd déu va
chiéu day cua dinh co6 gia tri khong doi. Dudi day gioi thi€u hai phuong phap tinh
nghi¢m bén dinh.
1.1.3.1. Céng thirc Back.

Cong thirc Back dung cac gia thiét sau:

D

| Coi dinh piston 1a mot dia tron c6 chiéu day

“ dong déu & dat trén goi tua hinh try rong. Coi ap

} Di suat khi thé p, phan bo déu trén dinh nhu so do
hinh 1.2.

D2 Luc khi thé P, = p. Fp va phan lyc ctia no6

gay udn dinh piston tai tiét dién x - x. Luc khi thé
Hinh 1.2 So do tinh dinh piston ~ tac dung trén nira dinh piston ¢6 tri s0:

theo phwong phap Back 2
B L p (N (1)
L _Yl Luyc nay tac dung tai trong tdm cda ntra hinh tron.
2D
b (v

Phan lyc phan bé trén nira dudng tron duong kinh
T D;, ¢o tri s6 bang Pz/2 va tac dung trén trong tdm cuia
nura duong tron cach tryc x - x mot khoang:

y =2
==L
Y2 7
Hinh 1.3 So do tinh dinh piston Mo6men udn dinh s€ la:
theo phwong phap Back Y _&( ) ) _&(&_EBJ
“ T, Ya=0 '\ 7 37
. . D 1 3
Coi D; = D thi: M, =p, —=—p,D°(MN.m) (1-2)
6n 24
Moédun chéng uén cua tiét dién dinh:
2
W, D&
6
Do d6 tng suat udn dinh piston:
M 2
o, =M _, D (1-3)

u W_z4629

u

Ung suat cho phép nhu sau:
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Tinh todn Déng co dot trong- Chuong 1 * Tinh todn nhom piston 1-3
- Béi véi piston nhom hop kim:
Pinh khéng gn [c, ] = 20 - 25 MN/m’
Pinhcogin  [o,]= 100 - 190 MN/m*
- Pbi véi piston gang hop kim:
Pinh khong gan [, ] = 40 - 45 MN/m’
Pinhcégin  [o,]= 100 - 200 MN/m*

1.1.3.2. Céng thirc Orolin.

Cong thirc Orolin gia thiét dinh 1a mot dia tron bi ngam cung trong gdi tua
hinh tru (du piston) nhu so dd trén hinh 1.2. Gia thiét nay kha chinh xac vdi loai
dinh mong c6 chiéu day & < 0,02 D.

Khi chju 4p sudt p, phan bd déu trén dinh, tng sudt ciia mot phan t6 & ving
ngam dugc tinh theo cac cong thirc sau:

Ung suét hudng kinh:
G, = giﬁp : MN/m’ (1-4)
X 4 82 z

Ung sudt hudng tiép tuyén:
3 r?

) 2
o, :ZMS—ZpZ, MN/m (1-5)
Trong do:
b & - Hé s6 ngam, thudng chon &
f’ r =1.
h w ﬁ/ u - Hé sb poat xong. (ddi voi
i 5 gang 1 = 0,3; v&i nhom p = 0,26).
D2 r - Khoang cach tir tdm dinh
piston dén mép ngam.
Ung suit cho phép dbi véi vat
Hinh 1.3. So dé tinh dinh piston lidu gang va nhoém: [o] = 60 MN/m’
theo phuwong phap Orlin

1.1.4. Tinh nghiém bén dau piston.
"[iét dién nguy hiém ctia phan dau piston 1a tiét dién cat ngang ctia rinh xéc
mang dau. (F; hinh 1-1).

1.1.4.1. ng suéat kéo:

P :
o, =2 = Dt man MN/m’ (1-6)
Fpo Fry

Trong d6: my 1a khdi lwong phan dau piston phia trén tiét dién I-I.
Theo kinh nghiém m;; thudng bang (0,4 - 0,6)m,,,
Ung suét cho phép: [6] < 10 MN/m’.
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Tinh todn Péng co dot trong- Chuwong 1 * Tinh todn nhém piston 1-4

1.1.4.2. ng suét nén:

—= J (1-7)

Ung suét cho phép:
-Dbi véi gang  [o,] =40 MN/m™.
-Dbi véinhdm  [o,] =25 MN/m”.
1.1.5. Tinh nghiém bén than piston.
Tinh nghiém bén than piston chu yéu 1a kiém tra ap sut tiép xtc cua than
v6i xilanh.
N 2
=—mx . MN/m 1-8
th lthD ( )
Trong d6: Ny 12 luc ngang 16n nhét, xac dinh tir két qua tinh toan dong luc
hoc.

Tri s6 cho phép cua Ky, nhu sau:

- Pbi voi dong co toe do thap [Kp] =0,15-0,35 MN/m’
- Dbi voi dong co tde d6 trung binh [Kyu] = 0,3 - 0,5 MN/m’
- Pbi v6i dong co toe do cao [Ku] =0,6 - 1,2 MN/m?

Ap suét tiép xuc trén bé chdt piston ciing dugce xac dinh theo cong thuc
tuong tuy:

K, —LZ MNm? (1-9)
2d,],
Trong d6:  d., - dudng kinh chét piston
I; - chiéu dai lam vigc cua bé chdt
Ap suit tiép xtic cho phép:
- Kiéu lap chét ty do:
[Ky] = 20 -30 MN/m?
- Kiéu lap c¢6 dinh trén piston gang:
[Kp] =25 - 40 MN/m’.
1.1.6. Khe hé lap ghép cua piston:
Tuy thudc vat liéu ché tao piston, xi lanh va trang thai nhiét ctia piston ma
khe h¢ lap ghép khac nhau.
1.1.6.1. Trwédng hop trang thai ngudi :
Khe hé phan dau : A;=(0,006-0,008)D
Khe hé phan than : A=(0,001-0,002)D

1.1.6.2. Trwong hop trang thai néng :
Khe hé phan dau:
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Tinh todn Péng co dot trong- Chuwong 1 * Tinh todn nhém piston 1-5

A, =D[1+a,(T,~-T)]-D,[1-a,(T,-T)]
Khe ho phan than:
A, =D[1+a (T, ~T)]-D,[1-a,(T,-T,)]

Véi: Ty, Ty, T¢1a nhiét d6 xi lanh, nhiét d6 phan dau piston, nhiét d6 phan

than piston.(K)

1.2.

Khi 1am mét bang nudc: T,=383 — 388K, T=473-723K, T=403-473K

Khi 1am mét bang khong khi: T=443 — 463K, T,=573-823K, T=483-613K
Olxi, OLp: HE s6 din n& cua vt liéu xi lanh va cia vat liéu piston.(1/K).

Vat ligu nhom: o =22.10° 1/K

Vit liéu gang: o= 11.10° 1/K

Tinh nghiém bén chét piston.
Chét piston lam vi¢c trong trang thai chiu udn, chiu cit, chiu va dap va bién

dang. Trang thai chiu lyc cua chdt trén theo so dd hinh 1.4.

1.2.1. ng suat uén

Néu coi chét piston nhu mdt dam dat tu do trén hai géi do, lyc tac dung co

thé phan bé theo hinh 1.4.

Khi chiu luc khi thé, chét bi uén 16n nhit

& tiét dién giita chot. Mémen ubn chét co thé xac |
dinh theo cong thirc: %@ f%
P I I — ; o —(
M, =% - —-< [;MN.m. (1-10) % $
22 4 5 S )
A ) £ ) <A N £ /V . 7
M6 dun chong ubn cua tiét dién chot 1] 7
piston bang: ? ‘
d: —dg
Wu :l( cp 0)z0,1d2p(1—oc4) 1 \“hl\
32 d, i
a
Trong do: ty
1 - Khoang cach giira hai gdi d&. » b
lg- Chiéu day dau nho thanh truyén. Hinh 1.4 So dé tinh toan chét
d., - Pudng kinh chét piston. piston

d, - Puong kinh 15 rdng cta chét

d A A A X 5 A
a =—2> - Hé s6 do rong cta chot.
cp

Néu coi chiéu dai chdt piston lop = 315 va l; = 14 thi ing suat udn chdt piston

tinh theo so d0 trén hinh 1.4 c6 thé tinh theo cong thic:

M, P.l,+05l)
CeTW, 120t (1mat)

u

(1-11)
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Tinh todn Péng co dot trong- Chuwong 1 * Tinh todn nhém piston 1-6

1.2.2. Ung suat cat
Chét piston chiu cat ¢ tiét dién I-I trén hinh 1-4. (mg suat cat xac dinh theo
cong thirc sau:

T, = P, ; MN/m’ (1-12)
2F,,

Trong do: F, - Tiét dién ngang chdt (m?)
Ung suét cho phép d6i v6i cac loai vat liéu nhu sau:
- Thép hop kim: [6,] =150-250  MN/m’
[t.] =50-70 MN/m?
- Thép hop kim cao cip:  [o,] =350 - 450 MN/m*
[t] =100-150 MN/m’
1.2.3. Ung suét tiép xic trén dau nhé thanh truyén:

K,=—2; MN/m’ (1-13)

Ung suit cho phép:

- Chét lip dong: [K4q]=20-35 MN/m’

- Chét lap cb dinh: [K4] =30-40 MN/m’
1.2.4. Ung suat bién dang

Khi bién dang chét bién
dang thanh dang meo. Theo
Kinax6svili lyc tac dung theo chiéu
chot piston phan bo theo duong
parab6n co s6 mil tir 2,5 + 3. Trén
phuong thang goc voi duong tam
chot tai trong phan bd theo duong
sin nhu hinh 1.5a.

Dbdi véi cac loai chdt c6 do
rSng a:d_O: 0,4 ~ 0,8 d6 bién Hinh 1.5’Ungsudrt’bié'n dang
dcp trén tiet dién chot piston

dang Adp.x co thé xac dinh theo

cong thirc sau:
3
Aq - 009, (1+aJ : (1-14)

max
El, 1-o

Trong do:
k - Hé s6 hiéu dinh.
k=1[1,5-15(ct - 0,4)]
E - Mddun dan héi cua thép; E=2.10° MN/m’.

Do bién dang tuong di:
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Tinh todn Péng co dot trong- Chuwong 1 * Tinh todn nhém piston 1-7
Admax
d =d—£0,002 mm/cm; (1-15)

cp
cp

Khi chdt bi bién dang tng suét bién dang phan bé theo hinh 1.5b.

Trén cac diém 1, 2, 3, 4 ¢ ung suét 16n nhat.
Ung suét kéo tai diém 1 ctia mit ngoai (¢ = 0°) tinh theo cong thirc sau:
Gy = P, {0119(2+a)(142ra)_ 1 }k; (1-16)
ZLPdCP (1+0£) (l_a)
- Ung suét nén tai diém 3 ctia mit ngoai:
2+a)l+a) 0636
—+
(1+a) (1-a)

- Ung suat nén tai diém 2 cua mat trong

__P, 2+a)t+a) 1 _ ]
" d {0’19 (1-a)a +(1—0t)}k’ (19

cpcp

- Ung suét kéo tai diém 4 ctia mit trong (¢ = 90°):

P_ o174 (1+2a)(12+ a) 0,636 k(119
(l-afa (1-a)

Két qua tinh toan cho thiy Gmg suit & mit trong thudng 16n hon Gng suit &
mat ngoai.

L

- cp

{0,174 }k; (1-17)

i,p=0

Gi,(p=90° = 1 d
o cp

Ung suét bién dang cho phép:
[0,] = 60 - 170 MN/m?

1.3. Tinh nghiém bén xéc mang.

Kich thudc xéc ming khi co lién quan mat thiét v6i ing suat cia xéc ming 1a
chiéu day t. Chi€u day xéc mang t thuong da dugc chuan hoa. Co thé xac dinh trong
pham vi:

Dt=20+30 va A/t=25+4

Trong d6: D - duong kinh xilanh

A - d§ md miéng ctia xéc mang ¢ trang thai tu do.
1.3.1. ng suat uén:

Xéc mang khong dang ap khi xéc mang lam viéc- Gmg suat cong tac co thé
xac dinh theo cong thirc Ghinxbua:

. ___ 2C,AE (120)

. n(3—a)D(Et’—1) |

Trong d6:  C,, - hé sb ung suit phan miéng xéc ming. Tuy theo quy luat
phan bo ap suat phan miéng c6 thé chon C,,, = 1,74 + 1,87.

£ - hé s6 phan bd ap sudt. Thong thuong c6 thé chon & = 0,196,
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Tinh todn Péng co dot trong- Chuwong 1 * Tinh todn nhém piston 1-8
E - M6 duyn dan héi cia hop kim gang E = 1,20. 10° MN/m’
1.3.2. ng suét Iap ghép xéc mang vao piston:

s

Oy, = ; 1-21
= [t) (? ‘1’4J (1-21)
Trong d6: m - hé sd lip ghép.
Néu lap ghép bang tay : m=1
Néu lap ghép bang dém : m=1,57
Néu lap ghép bang kim chuyén dung: m=2.
1.3.3. Ung suéat khi gia céng dinh hinh:
owi=(1,25+1,3) oy (1-22)

Ung suit cho phép: [0,] =400 + 450 MN/m’
1.3.4. Ap suét binh quan cta xéc mang khong dang ap

0,425E$

ptb:D D 3 )
t(“(t‘@

Dang dudng cong ap suat p = 5p,, c6 thé xac dinh so bd theo hé s6 & & bang
duoi day:

(1-23)

o

00

30°

60°

90°

120°

150°

180°

)

1,051

1,047

1,137

0,896

0,456

0,670

2,861

Tréan Thanh Hai Tung, B6 mén May dong luc, Khoa Co khi giao thong, PHBK DN




Tinh todn Péng co dot trong- Chuwong 1 * Tinh todn nhém piston 1-9
1.4. Bai tap ap dung:

1. Tinh toan ki€ém tra piston dong co xang bang nhom co6 céc thdong sé cho
trude nhu sau:

Théng s6 Pon vi Gia tri

S/D mm 78/78 80/80 75/80 76/78

Pamax MN/m’ |6.195 [6.195 [6.195 |6.195

Toc do khong tai 16n nhat Ny | v/ph 6000 | 6000 | 6000 | 6000

Ninax 0 g0¢ quay a=370° MN/m” | 0,0044 | 0,005 0,0048 | 0,0046
My kg 0,478 0,5 0,6 0,7
Tham s6 két cau A 0,285 0,26 0,27 0,25
Vit liéu piston Nhoém | Nhom | Nhom | Nhom
Vat liéu xi lanh Gang Gang Gang Gang

2. Tinh toan kiém tra piston dong co diesel bang nhom cé cac thong sé cho
trude nhu sau:

Théng s6 Pon vi Gia tri

S/D mm 120/120 | 110/110 | 100/100 | 95/95

Pomax MN/m” | 11,307 | 10,3 10,5 9,5

Toc d6 khong tai 16n nhat Ny | v/ph 2700 | 2600 | 2800 | 3000

Ninax 0 g0¢ quay a=370° MN/m” | 0,0069 |0,0067 |0,0068 |0,007
my, kg 2,94 2,84 2,74 2,64
Tham s két cau A 0,27 0,25 0,26 0,28
Vit li€u piston Nhoém | Nhom | Nhom | Nhom
Vat liéu xi lanh Gang Gang Gang Gang
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Tinh todn Péng co dot trong- Chuong 2 * Tinh todn nhém Thanh truvén 2-1

Chuong 2

Tinh toan nhom Thanh truyén

2.1. Tinh bén thanh truyén

2.1.1. Tinh strc bén dau nho

Thong sb Pong co xang bong co Diesel
Puong kinh ngoai bac d; (1,1-1,25)dep (1,1-1,25)dep
Puong kinh ngoai d, (1,25-1,65)d., (1,3-1,7)dep
Chiéu dai dau nho 14 (0,28-0,32)D (0,28-0,32)D
Chiéu day bac dau nho (0,055-0,085)dc, (0,07-0,085)d,,

2.1.1.1. Loai dau nhé day khi d,/d>1,5
Tinh toan Gmg suat kéo:

jnp max

G, = (2-1)
2.5 zerreestss s
r 2
trongdo P, . =Rm o (1+1) A
[6i] = 30 - 60 MN/m® "%

2.1.1.2. Loai dau nhé méng:

a. Khi chju kéo:

Tai trong tac dung: Luc quan tinh P,
gay ra ung suat uon va kéo. Gia thiét lyc
quan tinh phan b6 déu theo hudng kinh
trén duong kinh trung binh ctia dau nho.

d, +d,
4

-q,+h'/2l

Hinh 2.1 So dé tinh todn dau nhé

B
=—L vbip=
q > p

Coi dau nhé 1a dam cong ngam mot dau tai C-C, ngam C-C chiu udn 16n
nhit.

ny M, nj

1,“//: . &

X
Cc
I

L.""

c

Hinh 2.3 Ung sudt tdc dung lén dau nho

Hinh 2.2 Tai trong tic dung dau nho 4
thanh truyén khi chiu kéo

thanh truyén khi chiu kéo
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Tinh todn Péng co dot trong- Chuong 2 * Tinh todn nhém Thanh truvén 2.2
5 +pP,

- Xéc dinh goc y: y =90 + arccos (2-2)
r, +p,

Tai mat cit C-C ta c6:

M; =M, +N,p(I—cosy)—0,5P;p(siny —cosy)  (2-3)

N; =N, cosy +0,5P;(siny —cosy)

Hinh 2.4. Tai frong tac dung lén
dau nho thanh truyén khi chiu nén

liéu thanh truyén va bac 16t; Fq, F, 12 tiét
1t.

Néu tiét dién C-C 1a hinh chit nhat

Véi My va Ny co thé tinh theo
cong thurc gan dung.

M, =P,p(0,00033y -0,0297)
N, =P,(0,572-0,0008y)
v dugc tinh theo do.

Vi bac dau nho lip chit trong dau
nho nén khi lap rap dau nhd da chiu tng
suat kéo du do d6 dau nhé dugc giam tai:

EdFd
Nk = XNJ vOi X = EdFd + Ebe

la hé sO giadm tai.

Eg4, Ep 12 méduyn dan hdi cua vat
dién doc cua dau nhé thanh truyén va bac

thi:

- Ung suat tac dung 1én mit ngoai khi chiu kéo:

o —am _Pts Ly }L _
"ol Ts(2p+s) “l,s (2-4)
- Ung suét tac dung 1én mat trong khi chiu kéo:
I 6p—s 1
Gy =]~ T§(2p —s) +Nk:|$ (2-5)

b. Khi chju nén:

Luc nén tac dung 1a hop luc cua
luc khi thé va lyc quan tinh:

Py = Py + Pjnp = preFp —
R’ (141).F,.

Theo Kinaxotsvily luc Py phan b
trén nira dudi dau nhé theo duong Cosin.

My

Tai tiét dién C-C nguy hiém nhét,
M6 men uon va lyc phép tuyén tai day
duoc tinh:

»m

<

L=

Hinh 2.5 Ung sucf{ téc dung lén dau nhé
thanh truyén khi chiu nén

nz
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Tinh todn Péng co dot trong- Chuong 2 * Tinh todn nhém Thanh truvén 2-3

siny ysmy _ cosy

M, =M, +N,p(1—-cosy)— Pp(
T

siny ysmy cosy) (2-6)

N, =N, cosy — P(
T i

v tinh theo rad
Tuong tu nhu khi chiu kéo lyc phap tuyén thuc té tac dung lén dau nho 1a:

Nkz = X Nz
Ung sudt nén mat ngoai va mit trong tai C-C sé la:
an: 2 z 6p+s +Nkz L
s(2p +s) 1,8 (2-7)
_ (2-8)
G, = _QMZMJrNkZ A
s(2p —s) l,s

¢. Ung suit bién dang:
Do khi ép bac gay bién dang du, khi lam viéc do vat lidu bac dau nho va dau

nho khac nhau nén din nd khac nhau gay ra ap suat nén. p
Do dan no khi dau nhé chiu nhiét tinh theo cong thirc sau:

A= (o - o) td,
o (ddng) = 1,8.107 ; o (thép) = 1.10™ hé s6 dan dai cua vat lidu.
Do doi khi lap ghép: A

A, + A
P=Ta 1 a d? +d? 1 MN/m?  (2-9)
7+ —
dz —q: " H qr_gxH
d, +
Ett Eb

Eq (thép) =2,2.10°MN/m”; E, (dong) =21,15.10°MN/m”.
Ap suit nay gy Gmg suat bién dang mat trong va mit ngoai:
o, =p2dr_ 2d? - _pd2+d2
d2 d2 d2 d2
Ung suét bién dang cho phép = 100 - 150 MN/m”.

MN/m? (2-10)

d. Hé so0 an toan dau nhé:

Ung suét téng 16n nhat va nho nhét xuat hién & mat ngoai do do:
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cymax = an + GnA
_ (2-11)
cSmin - an + cjnA
_ csmax — cymm n . x
G, = D) bién do g suat.
+ G .
Om = 2 ung suat trung binh
26 ,—-o0o, ’ . )
Vs = G hé s6 phu thudc vao gidi han bén khi chiu tai doi xting

(o.1) va khi chiu tai mach dong (o,) .
Khi d6 hé sb an toan cta diu nho sé la:
G

n =——"—" >=
° G, + VY5O [nG] >

e. P) bién dang ciia dau nhé:
Khi chiu tai Pj,, dau nho bién dang gy nén ket gitra chét va dau nho.
Do bién dang hudng kinh tinh theo cong thirc sau:

Pjnpdi,(7 -90)°
108EJ (2-12)

Trong d6 Pj,, luc quan tinh ctia nhém piston (MN).
3

A N , lys
dy = 2p (m), M6 men quan tinh cuda tiét dién doc dau nhé J = iz (m).

Dbi voi dong co 6 t6 may kéo & < 0,02 - 0,03 mm.

2.1.2. Tinh bén than thanh truyén:

Than thanh truyén chiu nén va uén doc do luc khi thé va luc quan tinh
chuyén dong thing P;. Chiu keo do luc quan tinh chuyen dong thang. Chiu ubn
ngang do lyc quan tlnh ctia chuyén dong lac cua thanh truyén.

Khi tinh strc bén than thanh truyén nguoi ta thudng chia lam hai loai:
2.1.2.1. Than thanh truyén téc doé thap va trung binh:

Tinh theo tai trong tinh cua lyc khi thé lon nhat, bé qua luc quan tinh chuyén
dong thang va chuyén dong lac cta thanh truyen.
a. Tinh wng suit nén:

PZ
Comax = MN/m’ (2-13)
5 Ung suét nén va udn doc tai tiét dién trung binh (Theo cong thirc NAVE -
RANGKIN):
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PZ LO 2
G:F_tb(HCmiZ) MN/m>. (2-14)

L, chiéu dai bién dang cua than thanh truyén :
L, = 1 khi uén quanh x-x; L, = I; khi udn quanh y-y
m hé s6 xét dén khép ndi ctia dam khi thanh truyén chiu udn

m =1 khi uén quanh x-x; m = 4 khi uén quanh y-y

&
x
$ y
S
’ 1
01664 1
it 7wl
s W
7 M J
A= o0.6e8i
8= arsH
s L 4r92m

2

Hinh 2.6 So do tinh thén thanh truyén toc dé thap

i : Ban kinh quan tinh cta tiét dién than thanh truyén ddi véi truc x-x ; y-y

c
£ _—dh e LA e Al 1en
Clahé so C=— ; o4= G161 han dan hoi cua vat liéu.
n°E

Co thé viét lai dudi dang sau:

Pz k k = (1+C£)
Gx - Ftb b o ix2
P ! 12 (@19
=—=k k. =(1+C
Oy TR y = 4iy2)

ke~ ky =1,1 - 1,15 ;[c] = 80 - 120 MN/m? d6i véi thép cac bon; [o] = 120 -
180 MN/m” dbi véi thép hop kim.
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b. P9 6n dinh khi uén doc:

Luc t6i han khi uén doc ddi véi thanh truyén bang thép cac bon:
P, =F, (3350-6,2 %) MN. (2-16)
Luec t6i han khi uén doc d6i v6i thanh truyén bang thép hop kim:
P, =F,(4700-23 %) MN. (2-17)

Trong do: Py, luc t61 han (MN).

Fy, dién tich tiét dién trung binh thanh truyén (m?)

i ban kinh quan tinh nhé nhét cua tiét dién trung binh (m).
Hé sb 6n dinh udn doc:

2.1.2.2. Tinh strc bén cta than thanh truyén téc dé cao:

Truong hop dong co tbc do cao (Vo> 9m/s), can phai xét dén lyc quan tinh
chuyén dong tinh tién, chuyén dong quay, chuyen dong lac.

Luc tac dung 1én than khi chiu nén va udn doc la:
P, =P, +P;=p,F, - mRo’(1+1).F, (2-18)
a. Tai tiét dién trung binh:

Ung suit nén & tiét dién trung binh:

Pl
meax = X

Ftb

P, (2-19)
o -l

Ung suit kéo & tiét dién trung binh:

Oy =% , Trong d6 Py la lyc quan tinh chuyen dong thang cua khoi luong
tb

than tinh tir tiét dién trung binh trd 1én va nhom piston.

H¢ s6 an toan ¢ tiet dién trung binh:

n 20,
- (meax - Gk) + l//a( X max + Gk)
20 (2-20)
I’lG =
L . (O-ymax - Gk) + lr//cr (O-ymax + O-k)

b. Tai tiét dién nhé nhat:

Ung suat nén ¢ tiét dién nho nhat:

Tréin Thanh Hai Tung, B mén May dong luc, Khoa Co khi giao thong, PHBK DN



Tinh todn Péng co dot trong- Chuong 2 * Tinh todn nhém Thanh truvén 2-7

P
G pmax = = MN/m’? (2-21)
I:min

Ung suiat kéo & tiét dién nho nhat:

P4

- 2

ij - MN/m (2'22)

I:min

Trong do6 Pjq 1a luc quan tinh chuyén dong thang ciia khéi luong dau nho va

nhom piston.

Hé s0 an toan & tiét dién nhé nhat:

20,
N, = (2-23)
(O max — ij) Yo (O T ij)
2.1.3. Tinh bén dau to thanh truyén:
Thong s6 Gia tri z

Puong kinh chét khuyu de (0,56-0,75)D B o
Chiéu day bac 16t ty b
- Bac mong (0,03-0,05)d.x A B ic
- Bac day 0,1dck
Khoang cach tdm bu I6ng c (1,3-1,75)dex
Chiéu dai dau to lg (0,45-0,95)d

Thuong tinh toan gan ding, chon vi tri
DCT, dau to chiu luc quan tinh chuyén dong

thang va lyc quan tinh chuyén dong quay khong

ké dén khdi lugng nip dau to. Hinh 2.7 Tai trong tac dung lén

Py = Pj +Pyy =F, Ro’[m(1+1)+(my-m,)]

ddu to thanh truyén

M6 men udn va lyc phép tuyén tai tiét
dién A-A tinh gan ding nhu sau:

M, =P, %(0,0127 +0,000837,)

(2-24)

N, =P,(0,522 + 0,003y,)

c: 1a khoang cach giita hai dudng tam bu 16ng thanh truyén

- M6 men udn va luc phép tuyén tai tiét dién A-A tac dung 1én nip dau to:

M=M, Js
Jy+J, (2.25)
Fy i
N=N, ——
F,+F,

- Ung suét tong tac dung 1én nap dau to:

Trin Thanh Hai Tung, Bd mon Méy dong luc, Khoa Co khi giao théng, PHBK BN



kim.

Tinh todn Péng co dot trong- Chuong 2 * Tinh todn nhém Thanh truvén 2-8

o= N MN/m* 2-26
: VVuA—A Fd . ( ) )
, 0,023c 0,4
Néu y, =40 thi: 05 =Py Tt ELF (2-27)
Wu(1+J—b) d b
d

[os ] = 150 -200 MN/m” thép cac bon ;[os ] = 150 -200 MN/m® thép hop

Kiém tra do bién dang huéng kinh:
3 0,0024P,c®

<0,06-0,1mm
Eq(Jg +Jp)

2.2. Tinh sirc bén cta bu 16ng thanh truyén

AP

4
2 JANVANVANE b= §
E:J VALVARY |
o 8 o é
g8
g
All >|
Ib Id
b’ [k

Hinh 2.8 Tdi trong tdc dung bu léng thanh truyén

Tai trong tac dung 1én bu 16ng thanh truyén: Gom lyc quan tinh chuyén dong

thang va lyc quan tinh li tim khong ké khéi luong nap dau to.

P, = P; +Pyy = F, Ro’[m(1+A)+(my-m,)]/z (2-28)
Z:sd bu long;

Luec xiét ban dau: P, = (2 + 4)P,,
Hé s6 giam tai y do bién dang cua bu long va nap dau to khi chiu luc kéo Py,

_L y . &_35}1‘
F, +F, Voi F, =5+J5thi ¢ =(0,15+0,25)

X
Khi d6 lyc tac dung 1én bu 1ong thuc té 1a:
Py=Pp +x Py = (2,15 + 4,25)P, (2-29)

Ung suit kéo 1én bu 16ng sé la:
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— Py 2
Oy = F MN/m (2-30)
bmin
Mo men xoan bu 16ng do luc xiét ban dau:
dy
M, =uP, =~ (2-31)

1 13 hé s6 ma sat 1y bang 0,1
Ung sut xoan:
M M

X X

T W, T 024

X

(2-32)

Ung suat téng:

2
— 2
Oy =4/0,° +41, <

80 -120 MN/m* ddi véi thép cac bon
120 - 250 MN/m?* d6i v6i thép hop kim

2-9

dtb
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Chwong 3
Tinh toan nhém truc khuyu banh da

3.1.Tinh strc bén truc khuyu
. Theo quan diém ,sfrc bén vat liéu, truc khuyu 1a dam siéu tinh dat trén nén
dan hoi (do than may bién dang).
3.1.1. Gia thiét tinh toan:
Truc khuyu c6 do cting tuyét di.
Khong xét dén bién dang than may.

Khong tinh dén lién két khi chiu cac luyc (xét timg khuyu theo kiéu phan
doan).

Tinh toan theo stc bén tinh.

Khi xét dén stc bén dong su dung cac hé s6 an toan, trén co sé hé luc doc
1ap trén céc khuyu, trr mé men.

3.1.2. So’ d6 lwc trén khuyu truc:

Pri

Hinh 3.1. So' d6 luc tic dung lén truc khuyu

3.1.3. Tinh bén cac trwdng hop chiu tai
3.1.3.1. Trwong hop khéi dong:

Gia thiét khuyu truc & vi tri diém chét trén (o = 0), do tdc d6 nhé bé qua luc
quan tinh.

Zo = Z = pzmax~Fp
Luc phap myén 7 =P max

Trén Thanh Hai Tung, B6 mén May dong luc, Khoa Co khi giao thong, PHBK DN



Tinh toan Péng co dot trong- Chuong 3 * Tinh todn nhém Truc khuyu banh da

III

Z'=7—
IO
”n I’
2 =2+ (3-1)
o
Chdt chju udn:
|7
c,=2"— -
=2 (3-2)

u

V6i chdt dac W =0,1d>, ; chot rong W, =04

b?
A ﬂ
z L] [
> I
—
l,

3-2

Hinh 3.2. So d6 luc trwong hop khoi dong

Ma khuyu chiu tmg suat udn, nén tai A-A:

M, Zb
o, = =
W, hb?
6
z
G, =—=—
2bh

Ung sut téng:
6y, =G, +0,

3.1.3.2. Trwong hop lwe Z,,.:

MN/m?>

MN/m?>

MN/m>

Luc tac dung Z,,x xac dinh theo cong thirc:

Z o =P, — mR»?(1+ A)
Zo = Zmax - (C1 + CZ)
Véi :

m: Khéi lwong chuyén dong tinh tién co cdu khuyu truc thanh truyén (kg)

Cy: Luc quan tinh ly tdm cua chét khuyu. C,= mctho2

MN

ch

4 4
dch — 8ch

(3-3)

(3-4)

(3-5)

(3-6)

C,: Lyc quan tinh ly tim cta khdi luwgng thanh truyén qui vé dau to.

C2=m2R(02
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C, b
Py € Py |1
5 b’ 2 L
b a a 1
X
Zmax II I
-y
Z c" ¢ 7
-
Pr2 1 PQ 4 IV 3
o X
Hinh 3.3. So d6 tinh todn truc khuyu
Do vy céc luc tac dung 1én khuyu truc bao gom:
Z, =P . —Ro’m1+A)+m, +m,] (3-7)

P.1, Py 1a cac lyc quén tinh ly tdm cua ma khuyu va ddi trong.
Phan lyc tai cac gi:
, L) +P,(2"+c'-c") P, (l, —b'+b")

£ |
o _ Z +Py(2 + ¢"=¢) =P, (I, + b-b") (3-8)
IO
Khi khuyu truc ddi ximg:
z

7=2"="2-P,+P,

a. Xac dinh khuyu nguy hiém:

Khuyu nguy hiém 1a khuyu vtra chiu luc Z . va (ZTi1)max mudn biét phai
dua vao do thi T = f(a).

Vi du véi dong co 6 xi lanh, thu ty lam viéc 1-5-3-6-2-4 ¢6 gid tri T & céc
gb6c a nhu sau:

o 0 120 240 360 480 600

T(MN/m?) 0 0,92 -0,62 0 0,64 -0,63

Lap bang ta biét duoc khuyu tht 2 chiu luc (2T |)max. Do do can tinh bén
cho khuyu nay.
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o 0 120 240 360 480 600
1 0 0,92 -0,62 0 0,64 -0,63
2T, =0
2 -0,62 0 0,64 -0,63 0 0,92
2T, =0,92
3 0,64 -0,63 0 0,92 -0,62 0
>T;,=0,29
4 0,92 -0,62 0 0,64 -0,63 0
>T; =0,02
5 -0,63 0 0,92 -0,62 0 0,64
>T;; =-0,61
6 0 0,64 -0,63 0 0,92 -0,62
>T;=0,31

b. Tinh sirc bén chét khuyu:
Ung suit udn chdt khuyu: (Coi nhu khuyu déi xtng).
M _ Z,l' + Pr1a - Pr2C

c, =—" 2 -
T W, W, MN/m (3-9)
Ung suét xoan chdt khuyu:
o = _ZLR MN/m’ 3-10
W W, " G-10)

Trong d6 Wy 1a mo dun chéng xoén ciia cht: Wy = 2W,

Ung suét tong tac dung 1én chdt:

Gy =+/G> + 417 MN/m’ (3-11)

c. Tinh sirc bén ¢o truc khuyu:
Ung suat udn co truc:

M, Zb

O, =t = MN/m’ 3-12
W, ~ 01d%x " (-12)
Ung suit xodn cb tryc:
M,  =T_R ,
= = MN/m (3-13)

W, T 02d%

Ung suit tong tac dung 1én cd tryc:
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Gy =+/C> + 418

d. Tinh sirc bén m4 khuyu:

Ung suit nén ma khuyu:

Z'- Pr2
G, =
bh
Ung suit udn quanh tryc y-y:
v MM, _STR
u 2
W, W, bh
6

Ung suét uon quanh truc x-x:

. M, Zb+P,(a-c)
Gu = =
W, hb?
6

Ung suét téng khi chiu uén va nén 13 oy:
oy, =0, +0, +0,

3.1.3.3. Trwong hop Iwe Tax:

a. X4c dinh khuyu nguy hiém:

MN/m>

MN/m>

MN/m?>

MN/m?>

MN/m?>

(3-14)

(3-15)

(3-16)

(3-17)

(3-18)

3-5

Khuyu nguy hiém 1a khuyu vira chiu luc Tpax v (ZTi )mae muodn biét phai

dua vao dd thi T =f(a).

Vi du véi dong co 6 xi lanh, thu ty lam viéc 1-5-3-6-2-4 ¢6 gid tri T & céc

goc o nhu sau. Tpux 6 Olrmax = 27.

o 27 147 267

387

507

627

0.4

T(MN/m?) 1.81 0.55

-0.78

0.4

-0.45

Lap bang ta biét duoc khuyu thir 2 chiu luc (T )max - Do d6 can tinh bén

cho khuyu nay.
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W, 0,2d" e

Ung sudt tong khi chiu udn va xoan tac dung 1én chot khuyu:

Gy = w/cﬁ + 4ri

MN/m?>

c. Tinh sirc bén ¢o truc khuyu:

(3-23)

o 27 147 267 387 507 627
1 1.81 0.55 -0.4 -0.78 0.4 -0.45
ZTi_l =0
2 -0.4 -0.78 0.4 -0.45 1.81 0.55
ZTi_] = 0,4
3 0.4 -0.45 1.81 0.55 -0.4 -0.78
ZTi_] =0
4 0.55 -0.4 -0.78 0.4 -0.45 1.81
ETi_l :-0,68
5 -0.45 1.81 0.55 -0.4 -0.78 0.4
2T, =-1.08
6 -0.78 0.4 -0.45 1.81 0.55 -0.4
ZTi_l :-0,68
b. Tinh sitc bén chét khuyu:
Ung suat udn quanh truc y-y
y "ne
o =y T (3-19)
u -
W, W,
Ung suét ubn quanh tryc x-x:
X n’
u -
W, W,
4 4
d, -0
; = — 0 q(=ch_—ch
Vi chot hinh tru: Wux - Wuy = 0’1( d )
ch
Ung suat udn tong tac dung 1én chdt:
[ 2 y2 ,
6, =40, t+0, MN/m (3-21)
Ung suét xoan chdt khuyu:
M (T, +T)R
T, = =
k (3-22)
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Tinh cho ¢0 truc bén phai vi chiu tai nang hon c6 truc bén trai.

Ung suét ubn tac dung 1én c¢6 khuyu do luc tiép tuyén T” gay ra:

Gy _ MZ _ TNb” (3 24)
u -
W, W,
Ung suat udn tac dung 1én c6 khuyu do luc phap tuyén Z" gay ra:
GX _ Mﬁ _ Z ! !b" (3 25)
u -
WUX WUX

: 3
Véi ¢6 truc hinh truy: WUX = Wuy =0,1d"cx

Ung suat udn tong tac dung 1én co:

2 y2 ,
c, =40, +0’ MN/m (3-26)

Ung suét xoan c6 khuyu:
_ M/ _(ET, +T)R
W, 0,2d"

7y (3-27)

Ung suat tong khi chiu udn va xoan tac dung 1én co khuyu:

2 2
Gy =4/0- + 41 MN/m? (3-28)

d. Tinh strc bén ma khuyu:
Ma khuyu bén phai chiu luc 16n hon nén tinh todn cho ma nay.

Ung suét ubn do luc phap tuyén Z” gay ra:

M A
Tu = W e MN/m? (3-29)
6
Ung suat udn do luc quan tinh ly tim P,, gay ra:
M, _Py(a-c)
Our = W, - hb? MN/m’ (3-30)
6
Ung suét udn do luc tiép tuyén T" gay ra:
T'r
Tur =72 MN/m? (3-31)
6

3-7
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Vi r 1a khodng céach tir tam co6 truc dén tiét dién nguy hiém cia ma.

b
11
5 | 1
X
II | I
I h
|
|
|
|
4 L —_
v 3
X

Hinh 3.4. So do mdt cdt ma khuyu

Ung suat uén do moé men xoan Mg gy ra:

M"
_ Mk
Tum =72 (3-32)
6
Ung suét xoan ma khuyu do lyc tiép tuyén T” gy ra:
T”b”
T, =—— )
K W, (3-33)

Do tiét dién ma khuyu dang chir nhat, ung suét xodn tai cac diém khac nhau:

Piém 1,2,3,4 c6 1 =0

T”b”
biém LII ¢6 Tk = Tkmax = g hb> (3-34)
Piém LIV ¢6 Tx = Tkmin = Srkmax 5 E1,2 12 hé ) ung suit phu thudc ty )
h/b.
Ung suat nén mé khuyu:
zZ"- Prz )

C,=—_ MN/ 3-35

bh m (3-35)
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Lap bang xét ddu tmg suét tac dung trén ma khuyu: (nén + ; kéo - )

1 3 1 11 111 vV

Gy + + + + + + + +
Cuz + - + - + - 0 0
Gur + - + - + - 0 0
Gur + + - - 0 0 + -
OuM - - + + 0 0 - +
PNej 20 pNey) 203 2G04 207 201 2o 201y
K 0 0 0 0 TKmax TKmax TKmin TKmin
Ox Pl 207 203 204 O3l Csil O Os1v

Ung suét téng tai cac diém 1,2,3,4 1a:

621,2,3,4 =¥51,2,3,4 MN/m’

Ung suat tong tai cac diém LI 1a:

Osin = \/zsﬁu + 4Timax MN/m’ (3-36)

Ung suit tong tai cac diém IILIV la:

Oz = \/ZGI2II,IV + 4TI§min MN/m’ (3-37)

3.1.3.4. Trwong hop lwe 2T a:

Vi tri tinh toan 14 o = Otgrmax V1 tri nay xac dinh nho dd thi XT = f(a), khuyu
nguy hiém 1a khuyu vtra chiu déng thoi mo men T, R va4 mb men xodn do téng
cac lyc tiép tuyén cac khuyu trude d6 (ZTi.))max-R. T d0 thi T = f(o), biét dugc
OLstmax quay nguoc lai do thi T = f(a), x4c dinh cac gia tri T twong tng.

Vi du dsrimax =80 khi d6 qua dd thi T = f(a), c6 bang sau:

o 80 200 320 440

560 680

T(MN/m?) 0,9 -0,2 0,83 0,1

-0,3 0,27

Lap bang tim khuyu nguy hiém. Khuyu nguy hiém 14 khuyu thir 5. Cach tinh

todn tuong ty nhu truong hop Tpax.

3.2.Tinh strc bén banh da
3.2.1. Gia thiét:

Ung suét phan bd déu trén tiét dién vanh.

Vanh banh da khong bi udn theo phuong dudng sinh.
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Tinh toan Péng co dot trong- Chuong 3 * Tinh todn nhém Truc khuyu banh da 3-10

Phan ndi, nan hoa khong anh huong dén sirc bén banh da.
3.2.2. Banh da dang vanh:

Ung suat kéo trén vanh banh da:

2
YbaV
ok =" MN/m2 (3-38)

V6i:  voa : trong lwong riéng cua vat lidu banh da (MN/m?)

g : gia tc trong trudng (m/s%).
v : téc do tiép tuyén & ban kinh D/2 ¢ s6 vong quay cuc dai (m/s)

Gang xam [oy] = 110MN/m?; thép cac bon [6y] = 200MN/m*
3.2.3. Banh da dang dia:

ka
i

Hinh 3.5 So do tinh banh da dang vanh

Ung suat hudng kinh:

’ Ry —r*)(r* —r?
O-R:7/8—(3+ﬂ)( 2 )2( 0)
g

(MN/m%)  (3-39)

o: toc do goc g voi s6 vong quay cuc dai.
u: hé sb poat xong.
r: ban kinh tir phan tir tinh toan dén tim banh da.

Ung suit tiép tuyén cuc dai (ing v6ir =r, ) duogc tinh:

2
w
O max = Z—g [(3 + )Ry +(1- ﬂ))”f] (MN/m?)  (3-40)
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Chuong 4.
Tinh toan nhém than may nap may

4.1. Tinh strc bén dng 16t xi lanh:
4.1.1. Trwéng hop dng 16t xi lanh khé:

Ung suit kéo doc theo xi lanh:

Dl D
= _:OS — 2 -
Ox =P, 251 »P, 5 MN/m (4-1)
i im 1 Hf 5 ————
D &-\, Nma sw
111 Iz
1

Hinh 4.1. So d6 tinh todn xi lanh wét
4.1.2. Trwéng hop 6ng 16t xi lanh wét:

4.1.2.1. Tinh toan phan than:
Ung suét phan than duoc tinh theo cong thirc Lame:

a. Ung suat kéo miét trong theo phwong tiép tuyén:

D? +D? 5
Oz =P: —Df D MN/m (4-2)
b. 'ng suat kéo mit ngoai theo phwong tiép tuyén:
2D’ )
Ozm = P: —Dlz D’ MN/m (4-3)

c. ng suat kéo mit trong theo phwong hwéng kinh:
Gzt = P, MN/m? (4-4)
d. 'ng suat kéo mat ngoai theo phwong hwéng kinh:
Gz =0 MN/m’ (4-5)

Néu xét dén trang thai ing suét nhiét:
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tinh :

Tinh toan Dong co ddt trong- Chuong 4 * Tinh todn nhém Than may, ndp may 4-2
e. Ung suat nén & mat trong 16t xi lanh:
D1

1+
_oFE(t, -t,) D

O 30-0 4,0 MN/m* (4-6)
D
f. ’'ng suat kéo & mat ngoai I6t xi lanh:
2 D,
Sl LAV (4-7)
To8(1-w 4, Dy
D

o hé sb dan no dai: Gang o =10,5.10°/°C.
Thép o.=11.10°/°C.

Thong thudng US kéo tong cong mit ngoai 10n hon mit trong, nén chi can
Gy =GCq, + 0, <[062] =80 MN/m’.

4.1.2.2. Tinh sirc bén phan vai éng I6t:

Phan vai chiu phan lyc siét nip may tir than xi lanh 1én vai 6ng 16t P, va luc

ngang N.x

P,=(1,2-1,6)p,D’
Xét ung sut tai tiét dién I - I: Luc P, roi vé A thanh: Py + Py + (Pg.1)
a. 'ng suéat kéo do luc Py:

o = N MN/m’ (4-8)
“ mD, h

b. ’ng suat cat do Iwc P+

r, =1 MN/m’ (4-9)
° nmD,h

c. Ung suét uén do mé men Pg.l gay ra:

P, X

o, =———F -

SO MN/m (4-10)
o om
6

d. ng suatténg tail - I:

oy =(0k +6,)7 +4T7  MNmr (4-11)

Xét ung suit tai tiét dién II - II:
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Tinh toan Dong co ddt trong- Chuong 4 * Tinh todn nhém Than may, ndp may 4-3
e. Ung suat cat do lwc Pg:

P

— 9
nD,a

T MN/m’ (4-12)

Cc

f. 'ng suét nén do lwc Py gy ra trén mét ranh:
P

9

" 7D,b

c MN/m* (4-13)

[6.] = 15-20 MN/m” giodng mém, 40 v&i gioing dong, 100 véi giodng thép.
g. ng suét nén do lwc P, gay ra trén mat twa Il - 1II:
4P,
G, =
(D% —D?3)
6,] = 80-100 MN/m* gang HK
h. 'ng suat uén do lwc ngang N gay ra:

MN/m’ (4-14)

o, = et D MN/m’ 4-15
"~ 01L(D? -D*) " (1)
[6,] = 20 MN/m?
i. D6 bién dang khi chju uén:
o N, 5112 _ 116
3LEJ mm (4-16)

J 1a m6 men quén tinh cta tiét dién vanh khan c6 chiéu rong vanh khan (D;-
D)/2.
4.2. Tinh strc bén nap xi lanh:

Ung suét trong nép xi lanh do lyc khi thé P,, luc xiét bu long nép Py, va phan
luc tir than Py va ing suat nhiét.

2

4

Py, phan bé trén vong tron c6 dudng kinh D,

P, phéan b trén dién tich

Gia thiét vi chiju luc ddi xung nén coi p, la lyc tap trung trén trong tam nira
P nD?

), gia tri luc 1a 5 = 3 p,

f

3n

vong tron (

3 \ A A s s < A / \ f \ - A
Phan luc Ps tir than 1én khi ép nap xuodng cach truc x - x la L va luc xiét

Dg

bu long dat cach x -x la:
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4.2.1.

4.2.2.

Tinh toan Dong co ddt trong- Chuong 4 * Tinh todn nhém Than may, ndp may 4-4

1
- |
Pbﬂ Dg Pbd . ﬁ“ | | .
2[ 2 1 1
§ |
T ]
L 1 )
\lJ

0
~
Df/n

Dg/n

X
y

Hinh 4.2. So d6 tinh todn ndp mdy

Khi dong co khong 1am viéc P, = 0. Nip chiu mo men 1a:

:Pleg_Pfo

u 7 7 n MN.m
Vi P, = Py nén:
M,=2-(D,-D;)  MNm (4-17)

Khi dong co 1am viéc P, # 0 nén nip chiu mé men:
P, D P. D P 2D
M = -bZe T TfVr ]
N 2 n 2 m 2 3nm > MN.m (4-18)
Don=Pb1-PZVéPb1=k.PZnén:

Pong co tdc do cao: k= 2,5-3,5; dong co tbe do thép, trung binh k =1,5-2,5

M, = ;n (kD | —(k—;—)Df);MN.m (4-19)

ng suéat kéo trén mat ngudi:

Oy = M, =%; MN/m’ (4-20)
W, J

Png suat nén trén mat néng:

Oy = \xz = MJ“i'Z : MN/m* (4-21)

Vo6i: J; m6 men quan tinh cua tiét dién tinh todn doi véi truc i - 1 di qua

trong tam cua tiét dién (m").

1;, I khoang céach tir mat ngudi va mat nong dén truc i - i.
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Tinh toan Dong co ddt trong- Chuong 4 * Tinh todn nhém Than may, ndp may 4-5
[ox] = 50 MN/m® dbi voi vat lidu gang, [oy] = 80 MN/m” dbi véi
vat liéu thép, [oy] =35 MN/m?* d6i véi vat liéu hop kim nhom.

4.2.3. Ung suét nhiét cia mat néng:
_aE(t, —-t,)
ST 20y

Do oy, > oy nén tng suat tong tac dung 1én nap:

MN/m* (4-22)

Oy = Oy, + 6,<[6X] = 150 MN/m” gang va 250 MN/m’ véi thép.
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Tinh todn Péng co dot trong - Chuong 5 * Tinh todn co cau phéan phéi khi 5-1

Chuong 5

y

Tinh toan Co’ cau phan phoi khi

5.1. Xac dinh cac théong s6 co’ ban cta co’ cau phan phéi khi.
5.1.1. Xac dinh ty sé6 truyén ctia co’ cau phan phdi khi:

Trén hinh (5-1), tai mdt thoi dlem nao do con doi nang dugc mot doan S, thi
xupéap nang duge mot doan Sy, khi d6 ty sé truyén cia co cau:

Thuong 1, > 1. va bd tri nam ngang nén coi n6 luén vudng goc voi duong tdm
xilanh (goc lac con ddi bé).

Trong d6:  vq4: Van toc vong cua don bay phia tiép xuc voi diia day
Vi Van toc xupap
Ve:  Van toc con doi.

Chi€u vq4 va v, 1én duong tam dlia day ta c6 v4' va v,' coi v¢' = v ' ta co:

;1 ;1 :VCOS(p
‘cosy  °cosy ° cos y

Tt cong thirc trén rit ra:

[, cos o
=X — T 5-1
I, cos vy (5-1)

c

Ty sd truyén i thuong nam
trong phamvi i=1,2+1,5

Khi 1am viéc i thay ddi theo vi
tri 1am viéc (¢ va y) nhung thay ddi
khong dang ké vi ¢ va y bé. Khi tinh
liy véi gia tri i tng voi vi tri con doi
nang 1/2 hanh trinh.

Hinh 5.1 So 6 tinh 1y s6 truyén co cdu phan Khi con doi, xupap, diia day bd
phoi khi tri thang ding, canh tay don cua don

PR .
bay nam ngang thi i = IL

C
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Tinh todn Péng co dot trong - Chuong 5 * Tinh todn co cau phéan phéi khi 5-2

5.1.2. Xac dinh tiét dién Iwu thong va trj s6 "thi gian - tiét dién"

5.1.2.1. Tiét dién lwu thong ciia xupap:

c)

Hinh 5.2 Tiét dién luu théng ciia xu pdp

Khi tinh toan tiét dién luu thong ta thuong gia thiét dong khi di qua hong dé
xupdp la o6n dinh, coi dong khi nap, thai c6 toc do binh quan va toc do pittong khong
doi.

Can cu vao gia thiét tinh 6n dinh, lién tuc cua dong khi ta co thé xac dinh dugc
toc d khi qua hong xupap:
v,E D?
if,  "id

Vin m/s (5-2)

th:Téc do trung binh cua dong khi qua hong dé (m/s); f,:Tiét dién luu thong
cua hong dé xupap (m?); dy: Puong kinh hong dé xupép (hinh 5.2); i: S6 xupap; Vp!
Vén tdc trung binh cua piston; F,: Dién tich dinh piston.

Qua tinh toan va thyc nghiém tbe do cua dong khi nap ¢ ché d6 toan tai Vi,

Vi = 40 + 115 m/s (6t6, may kéo); vin, = 30 + 80 m/s (tau thuy, tinh tai);

Téc do cang cao, tép that cang 16n, tuy nhién dbi véi dong co xang do yéu cé}u
viéc hinh thanh hon hop, toc do khi nap phai 16n hon 4,0 m/ s, néu bé hon qua trinh boc
hoi cua xdng va hoa tron hoi xdng véi khong khi s€ xau. Doi véi dong khi théi, vig =
(152 - 175 )thn-

v, D?

Rut ra duong kinh hong : d, = -
Vi

(3-3)
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Tiét dién luu thong f, qua xupap (tiét dién vanh khin) duoc xac dinh:

h/
£ :“2 (d, +d,); (5-4)

X

Mad,=d,+2e; h'=hcosa; e=h'sina
fo =7 h(dh cosa. +hsin o cos’ (1) (5-5)

Khi a = 0, thi fy, = 7hdy,, dong khi luu dong kho (bi gép khuc).
Khi o = 30° thi fi, = 7h(0,866d;, + 0,375h), ding cho xupap nap.
Khi o = 45° thi fi, = ©h(0,707dh + 0,353h), ding cho xupép nap, thai.

R& rang fi phy thuge vao o va h, khi a cang nho tiét dién luu thong cang lon.
Hanh trinh h cang lon fi cang lon, tuy vay tiét dién luu thong fi khong theé 16n hon tiét
dién hong dé xupap:

N

. 0 nd?
Khi .= 0" thi nd,h < 4“ dodo h, , =—"
_ Trong truong hop o # 0 hanh trinh xupap phai 16n hon dy/4 méi co thé dat duoc

di€u kién tiét dién luu thong bang tiét dién hong de.

khi o = 30” hpay = 0,26d; va o = 45° hypey = 0,31dy,

Hi¢n nay thuong dung h,,.x = (0,18 + 0,3)d,,.

Tiét dién luu théng qua xupap phai thoa mén diéu kién sau:

V,, <70 +90m/s

F (5-6)
i,

Khi d3 c6 duong kinh va goc con ciia nam, tiét dién luu thong ciia xupap quyet
dinh boi1 quy luét dong hoc cua cam va pha phan phdi khi. Néu Iya chon céac thong s6
nay hop 1y co thé lam cho trj s tiét dién luu thong trung binh fiy, dat gia tri lon nhét.
5.1.2.2. Xac dinh tri s6 “thoi gian - tiét dién”:

Téc d6 trung binh tinh toan ctia dong khi nap (thai):

F (t,—t
V/ — tYh — Vp P (t 2 1) (5_7)
i " dt i "t

. ty N 4 e . - A ‘A ‘A
Vi: Dung tich cong tac cua xilanh; _[t fdt: La tri sO "thoi gian - tiet dién" (di¢n
tich gach nghiéng bén trai hinh 5.3); t;, t,: Thoi gian bat dau va két thuc nap (thai).

Khi tinh toan tri s0 thoi gian - tiét dié€n, thuong bd qua giai doan md sém, dong
muon (phan dién tich ng vo1 goc md sém o, va dong mudn o).
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Co6 thé coi ty, t, Ung voi o

5-4

gdc oy, o, do do:
flxmax
4 O o
["fodt=[""fdo (5-8) /
| o 90%6%.90.95%% 0%,
00000t 39, 050000
Oy "%00%’000%’00‘
flon =7+ (53-9) 9500202030502 2030.%%6%03%;
t (ak2 - akl) :’:’0"0’:0:%00%%%: L
Thay vao (5-7) ta co: i 5 e [
F Hinh 5.3 Xac dinh tri s6 thoi gian tiét dién ciia xupdp
/o P
Vik = Vp 3 £ (5-10).
kxtb

Khi thiét ké cin bao dam:
Vi = (1,3 - 1,4)th

(5-11)

bong co xang: v'ix =90 + 150 m/s ; Bong co Diesel:v'y, = 80 +110 m/s

5.1.3. Chon bién dang cam:

5.1.3.1. Yéu ciu:

Dang cam phai dam bao sao cho tri sd thoi
gian tiét dién 16n nhat, cam phai m¢ xu pap nhanh,
gilt ¢ vi tri m& 16n nhat lau va dong nhanh xupép.

Dang cam phai dam bao cho giai doan mé va
déng xu pap co gia toc va van téc nho nhat dé co
cau phoi khi lam vi¢c ém it va dap hao mon.

Dang cam phai don gian, d& ché tao.

5.1.3.2. Phwong phap thiét ké cam:

Chon trudc qui luat gia tdc cua con ddi, sau
d6 suy ra qui luat ning dé xac dinh dang cam.
Phuong phap nay c6 vu diém chon dugc qui luat gia
tdc t6i wu nhung kho gia cong chinh xac, thuong chi
dung cho dong co cao toc hién dai.

Dinh sin dang cam, xac dinh gia toc va kiém
tra lai qui luat gia tbc c6 phu hop hay khong.
Phuong phép nay c6 wu diém d& gia cong.

hy

Ur

A

Hinh 5.4 So sanh cac dang cam.
1. Cam [6i cung tron, 2 Cam l(?i
cung parabol;3. Cam tiép tuyéen

Khi gia téc duong ciia con doi 16n dan dén va dap giira cac chi tiét trong hé
thong. Con khi gia toc am 16n tai trong tdc dung 1€n 10 xo 16n. Tur hinh 5.4 c6 thé nhan

X€t sau:

Cam tiép tuyén: Pon gian, d& ché tao, co gia tbc dwong bé do d6 khi dong mé
xupap luc va dap gitra con ddi va xu pap, xupap voi dé bé. Tuy nhién cam tiép tuyén
cO tri sO tiet dién thoi gian bé, mat khac gia toc am 16n, 16 xo chiu tai 16n, dé giam tai
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cho 10 xo phai dung trong co ciu phdi khi c6 khdi lwong nho, do vy thuong ap dung
trong h¢ thong phoi khi dung xupép dat.

Cam 16i: C6 tri s6 thoi gian tiét dién 16n nhat trong sb cac loai cam, nhung gia
toc duong 16n gay ra va dap 16n. Tuy vay loai cam nay c6 gia toc am bé nhat do vay
khong doi héi 10 xo xu pap c6 dg ciing 16n, gidm dugc mai mon tryc cam.

Cam parabol: C6 cac gia tri d6 nang va gia toc trung gian so véi hai loai cam
trén.

5.2. Dang cam I6i va déng hoc con ddi.
5.2.1. Bién dang cam 16i:
Xay dung bién dang cam 10i theo cac budc sau:

180° + o, + a,

Goc cong tac cua cam nap ¢, = ; Oy, 0 12 goc mé sdém dong mudn

2
Xupap nap.
0
Goc cong tac cua cam thai ¢, = w ; Br, B2 1a goc mo sém dong
mudn xupap thai.
Chon d. : duong kinh truc cam (mm)
R: ban kinh co s¢ cia cam (mm)
R :%+(o,5+1) (mm) (5-12a)
h: d0 nang l6n nhét cua con doi;
hcos?
r: Ban kinh ctia cung dinh cam (mm); r»=R 2 (5-12b)
1-cos L4
2

V& vong tron tdm O ban kinh
R, x4c dinh goc AOA' = o.

Trén dudng phén giac cua goc
AOA'talay EC =h.

Vé vong tron dinh cam c6 tdm
O, ban kinh r ndm trén dudng phén
giac ay, vong tron ay di qua C.

V& cung tron ban kinh p tiép
tuyén v6i hai vong tron trén c6 tim
Hinh 5.5 Dung hinh cam 16 0, nam trén duong kéo dai cia AO,
p xac dinh nhu sau:

Ké O;M vuong goc vai AO.
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Tinh todn Péng co dot trong - Chuong 5 * Tinh todn co cau phéan phéi khi 5-6

Xét tam giac vuong O;MO, co: B
(010,)” = (0:M)’ + (MO,)’ 7 &
bit D = R + h r ta co: ; O
K
Q

H
(0) D
Al g ’ (0}
\ ;o . & R \
Tur d6 xéc dinh p : '\ p

D*+R*—r*—2RDcos? \\/

p= 2 (5-13)  Hinh 5.6 Xdic dinh ban kinh p cung tiép tuyén
Z(R—r—Dcos;D]

5.2.2. Péng hoc con ddi day bang (con déi hinh nam, hinh tru)

Con ddi day bang chi 1am viéc voi cam 16i. Nghién ciru quy luat dong hoc cia

con doi trén hai cung AB ban kinh p va BC ban kinh r, mdi giai doan c6 mot quy luat

riéng.

5.2.2.1. Pong hoc ciia con ddi day bang trong giai doan 1 (cung AB)

Trén hinh (5-7) ta xét chuyén vi, van tdc, gia toc ctia con doi theo goc quay cia

truc cam. Gid sur truc cam quay mot goc 0 thi chuyén vi con doi 1a hg, van téc v, gia
toc Jg s€ dugc xac dinh nhu sau:

NN

NN
N

con dgi ddy bang giai doan 1

con dgi ddy bang giai doan 2
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a. Chuyén vi cua con doi:
Khi cam quay mot géc 0, con ddi tiép xic voi cam tai M, chuyén vi:

hy,=ME =MO, —(EN + NO,) = p—[R+(p—R)cos 0]

5-14
h,=(p—R)(1-cos ) (5-14)
b. Vén tdc ciia con di:
dh, dh, do dh, Y do
g =—>= — =®,—— ma van toc truc cam o, = —
dt do dt do dt
nén: v, =aw,(p—R)sin® (5-15)
¢. Gia toc con ddi:
. dv, dv,do dv,
Jo = = Tn 9
dt do dt do
j, = @*(p—R)cos0 (5-16a)

Khi con doi tiép xuc tai diém A cua cam thi 6 = 0. Khi con doi tiép xuc tai diém
B thi 0 =0, g0c 6. xac dinh theo tam giac O;0,M. O;M vuong gbéc voi O,A.

. O
Dsin
sing —OM_"" 2 (5-16b)
0,0, p—r

Nhan xét théiy khi 6 = 0 thi gia tdc dat cuc dai:

je(max) = (Di(p - R)

5.2.2.2. Pong hoc con ddi day bing trong giai doan 2 (cung BC):

Khi d6 cam tiép xuc v6i con ddi tai diém M trén cung BC tng véi goc v nao do.
hinh (5-8).

a. Chuyén vi con déi:

h, =ME = MO, +O,N - EN

(5-17)
h,=r+Dcosy—R

b. Vén téc con ddi:
, _dh, _dh dy
T dt dy dt

Vi tai diém C c6 vy =0 va tai B ¢6 ¥ = Yy, nhu vay goc v tinh nguoc lai véi

X , ~ dy
chiéu quay cua truc cam nén a = -

C

dh

4

c d}/

Dodo v, =-w rutra v, = oDsiny (5-18)
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c. Gia toc con doi:

_ Y

- — — (DC
dt dy dt dy

,_dvy:dvyﬂ_ dv

j, = ritra: j, =-w;Dcosy (5-19)

. ¢
oc =—-0
g Ymax 2 max

5.2.3. Dong hoc con déi con lan lam viéc v&i cam 16i:
5.2.3.1. Trén cung AB (giai doan 1)

Khi con lin tiép xtc v6i mdt cam tai diém M bét ky tmg v6i goc quay ctia cam
la 0,(hinh 5-9).

Hinh 5.9 Bong hoc con doi con lan giai dogn 1 Hinh 5.10 Dong hoc con doi con lan giai dogn 2

a. Chuyén vi caa con doi:

h, =EF =HO, —~EO, —HF ma HF = HO + OF

hy =/(p+R,)>—(p—R)*sin’> 0 — (p—R)cos O — (R +R,)

2
h,=(p—-R) \/(LI;'] —sin’@—cosO |- (R+R,)

R R
Pit: a=p-R vam, =P _PT™
p—R a

Khi do chuyén vi cua con doi dugc tinh:
h, =a[\/m12 —sin’ @ —COSO:|—(R+R|) (5-20)

b. Van toc cia con doi:
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V, = mc%z ach\/imf _sinZ0) —23inecose+sine}

Rut gon ta duoc:

V, = amc[1 - L] sin 6 (5-21)

2 .
Jm,” —sin? @

c. Gia toc con doi:

dv, m? cos 20 + sin* 0

H 2
jo = @, =amc| cos 0 — 3 (5-22)
do \/(mf—sinze)
5.2.3.2. Trén cung BC (giai doan 2).

Hinh 5.10, trén cung ndy gbéc quay ctua cam la y

a. Chuyén vi con doi

h, =EF =00, -(0,E+F0)=0,H+HO-(O,E+FO)

— v6i D =0,0
h, :\/(r+Rl) —D"sin"y+Dcosy—(R+R))
Pat: m, = R
D

Khi d6 chuyén vi ctia con dgi dugc tinh:

h, =Dlcosy +m; —sinzyJ—(R+R,) (5-23)

b. Van toc cua con dji:

v, = chlsin Y+ %] (5-24)

JmZ —sin?y

c. Gia toc cua con dji:

dv 2 4
b= m°d_Y= ~Dow?| cos y + 122 2y +sin_ y
Y

(5-25)

(m22 — sin? y)3

5.2.3.3. Xac dinh cac géc gidi han trén ciac cung.
Hinh 5.11, xét tam gidc ONO’; ta
co:
Cotg0,. = ON _ OM + MN _ OM+0,Q
0,'N O,/'N 0,'N

Trin Thanh Hii Tung, B6 mon My d Hinh 5. ]A]‘ Xac Efznh cac goc (’g'zm han}l.chz con
doi con lan lam viéc voi cam 10§
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Dsing
Dcos ® +(r +R,)cos 0, . SiNB;, = ot ;
Cotg6,,,, = ang voi:
(p+ I)Sln max (p—R)-i-DCOSB
cos O, = 2
p-—r
Bién doi ta duoc:
Cotgo, ., = cotg%JrL (5-26)
m, sin?
2
. 9
Do do Ymax = & emax (5'27)

2

Dong hoc con ddi con lan lam viée vdi cam ti€p tuyeén tham khao thém tai ligu.

5.3. Tinh nghiém bén 16 xo xupap.
5.3.1. Qui dan khéi lwong cac chi tiét:
5.3.1.1. Poi véi co cAu phdi khi khong c6 diia diy va don bay:

Khéi lwong qui dan m,y, qui dan vé tam xu pap chinh bang tong khéi lwong cua
xupap, con doi, mong ham va khoi lugng qui dan cua 16 xo. (Truong hop xu pap dat,
Xu pap treo cam dan dong truc ti€p xu pap).

a. Khéi lwong qui din ciia 16 xo:

Khéi lugng qui dan duge xac dinh theo diéu kién can bang dong ning:

molxvip _Jl'Vidmlx

2 5 2

Trong do:  mgy la khdi lugng qui dan cua 1o xo; Vyp 12 tdc do Xupap.
dmy,: khoi lugng ctia phan tb 10 xo cach mat cb dinh doan x

vy toc dd chuyén dong cua phan tb x; 1 1a chiéu dai 10 xo.

Gia thiét khdi Iuong 10 xo phan bd déu theo chidu dai va toc do cta phan t6 10
x0 quan hé tuyén tinh v&i chiéu dai:

dm, = ml'x dx vav, = VIX" X
Do do:
2 2 2
molxvxp — mlx\;xp j‘xzdx 1 mIxpr
2 2° 3 2
Ritra m,, = m?' (5-28)

[ 4
Hinh 5. 12 Qui dan khoi lwong 16 xo
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b. Khoi lwrgng qui din ciia ca co cau:

Nhu vay khdi lugng qui dan cua co cAu phéi khi m,, s€ la:

rnlx
My, =M +My +Mm +m + 3 (5-29)

5.3.1.2. Déi véi co cau phdi khi cé diia ddy, don bay:

Piéu kién qui dan céc chi tiét khong dong tam vé6i xu pap 1a dong ning khong
doi.

a. Poi v6i con ddi: (m.q)

2 2 2 2 2
mocdvxp mCdVC mcdvxp Ic A |
_ - <! nénm_, =m_| < (5-30)
2 2 2 | ocd cd I

X X

¢ day: v la van tdc con doi (m/s), 1./1; 1a ty 1€ canh tay don.
Tuong ty voi diia day.
b. P6i véi don bay: (moq)

Phai dam bao di€u kién can bang:

2 2
MoaVip Qa1
- —ldb 2
2 2 1%
L, Q4 12 M6 men quan tinh va tdc d§ gde cua don bay doi véi truc quay.
\ A 1
Vi vy, = Qap.lyp nén rat ra myy, =1y —— (5-31)

1%«
Truong hop qui glﬁn yé duong tam xu pap khéi lwong qui dan cua co cau phdi
khi c6 dlia day va don bay bang:

3 I

X

2
m, | I
My =My + My +Myy + . +IdTb+(mdd +mcd)(ij (5-32)
X
Truong hop qui din vé dudng tdm con ddi, khdi lwong cua co cau phdi khi co
diia day va don bay bang:

mlx
3

2
mod = (mxp +md| +mmh + )(:iJ +Ir_2b+(mdd +mcd) (5'33)

Luc quan tinh tdc dung 1én dudng tam xupap:
ij = _moxjx (5'34)
Luc quén tinh qui din vé dudng tdim con di:
P =—-Mglc (5-35)

Jx» Jc 12 gia toc ciia xupdp va gia toc con doi. Quan hé hai gia toc nay nhu sau:
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Jx ZJC-I—

Cc

5.3.2. Tinh toan 16 xo xupap:

5.3.2.1. Co s6 tinh toan:

Giai doan c6 gia tbc am (giai doan 2), cac chi tiét xupap va céac chi tiét chuyén
dong cua h¢ thong phoi khi c6 xu hudng roi khoi mat cam do d6 luc 10 xo Py, phai 16n
hon lyc quéan tinh Pj, (luc quan tinh 4am khi y = 0) & moi ché 46 toc do do do:

Plx = kP_]x (5-36)

k: Hé s6 an toan.( k=2.3 - 2.35 v4i dong co khong co diéu tc han ché toc do, k
=1.25 - 1.6 dbi véi dong co c6 didu tdc).

Xupép thai phai dam bao luén dong kin trong qua trinh nap (nhat 13 ddi voi
dong co xang khi chay khong tai, buém ga dong nho, do chan khong trong xilanh 16m,
ap suit cudi qua trinh nap p, c6 thé giam t6i 0,015MN/m’ trong khi d6 4p suét trén
duong thai p, = 0,102 + 0,11 MN/m? cao hon 4p sut khi troi). DO chénh ap Ap=p,-p.
c6 thé dat Ap = 0,09 MN/m”. Dudi tac dung ctia Ap, xupép thai c6 thé bi hut mé ra néu
16 xo yéu, vi vay luc nén ban dau cta 10 X0 Py, phai dam bao 16n hon lyc khi thé tac
dung 1€n xupap thai Py,

nd
I:)Ixo > kap = 4ht (pr - pa) (5_37)
dn: dudng kinh hong dé xupép thai.

5.3.2.2. Xac dinh dic tinh 10 xo:
Hinh (5-13) gidi

thiéu phuong phap xay h MM - £ mm a”
dung duong dac tinh 10 xo 2} e [
thong thuong. Chu y: 5L " [
h, =i, == oo
X IC X IC #L F
3t

Bude 1: V€ duong 2t o
cong biéu dién hanh trinh ; -
nang xupap h, = f(¢p). Vé 345 W Wr[as ey | [Timgpm s few,
duong biéu dién luc quan L Y & ,'I
tinh Py = f'(@). Sau khi lya pN ,’I J
chon hé so k, v& duong 300} . / 2
biéu dién luc tac dung lén 2001 H
10 x0 P, = k.Pjs. 100 ¢ /

Hinh bén phai vé _,Mﬁ_ o wﬁﬂ 9 / v
duong cong biéu thi dic 2000 1 I "7"
tinh cta 10 xo, trong d6 Jk 1M/

tung do biéu thi bién dang,

hoanh dd biéu thi hre 19 xo. Hinh 5.13 Xac dinh dwong dac tinh cua lo xo xupdp
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Tir cac diém a', b', ¢' trén d6 thi h, = f(p) ké cac dudng song song voi tung do,
cit du:cfng biéu dién PlX & a, b, c. Do d6 xac dinh duoc luc 10 xo trén cac diém nay,
dem trj s6 cac luc nay dit trén cac dudng song song voi hoanh d6 qua cac diém a", b",
¢" ndi cac diém nay v6i nhau bang mot dudng thang kéo dai cho cat tung do cua truc
toa do f, P, & 0" ta c6 duong dac tinh bién dang 10 xo.

Luc Pymax Ung véi bién dang f.x, luc Py, ting voi bién dang ban dau £, khi lép
ghép (luc nay hanh trinh xupép h, = 0).

Khi biét dugc dic tinh cua 10 xo, co thé xac dinh duge do cung C.

Pyax — P,

C= Ixmax — " Ixo (5-38)

h

Xxmax

Hinh (5-14) cho phép lua chon
duong dac tinh cuaa 10 xo. Khi tang Py,
néu gitt nguyén bién dang ban dau f,

phai ting d6 cimg 10 xo (dudng chim)
P'\, 1am cho lyc 10 xo tdng 1é€n khién hé P
thdng phan phdi khi chong mon. /."/ ;
Nguoc lai néu giit nguyén luc 10 » 7
x0 cyc dai Pimex (duong P"yy) thi phai P M TIRCH 37 _ﬁ'.
giam dg cung 10 xo khién 16 xo qua dai ; o )

nhét 1a khi Pixo gan bang Piymax- Ngu’OI Hinh 5.14 Chon dwong ddc tinh cia lo xo
ta thuong can cir vao dleu kién bo tri xXupap

chung dé lya chon mién 1a phai thoa
man hai diéu kién:
P > k.Pjx va Py, > Py,
Sau khi lya chon dic tinh 10 xo, c6 thé dinh kich thuée 10 xo:
Dy: Puong kinh trung binh 10 xo
Dy = (0,8 + 0,9)d,.
dn,: Puong kinh hong dé xupap nap.
Luyc 16 xo khi xupap méd hét c6 thé tinh theo do bién dang va do cung.
Piymax = C.finax (5-39)
Cla dg ctng 10 xo: fi,.x 12 dO bién dang cuc dai.

Néu luc 10 xo P, tdc dung trén phuong dudng tdm cua 10 xo thi mémen xoan 10
X0 bang:

M, =P, Dy (5-40)
2
a. Ung suit xoin:
M
_ M 5-41
To =W (5-41)
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3
Wy: Moédun chdng xoan cua tiét di¢n day cuon 10 xo, W, = %
8PxD
T, =Xt 5-42
s (5-42)

Do ung suat phan bd trén tiét dién day cudn khong déu, tmg suat lon nht xuét
hién trén dlem gan tdm 10 xo0 va Py, con gdy ung sudt cat nén phai c6 hé sé hiéu dinh
(g suit xoan.

T, =fny = e (5-42)
y: Hé s6 hiéu dinh bién thién theo ty sb Dy/d.
Tri s6 y c6 thé xac dinh qua bang

Dy/d 6 7 8 9
% 1,24 1,2 1,17 1,15

Ty s6 Dy/d cua 10 xo xupép trong pham vi 5 + 12
C6 thé tinh hé sb  néu goc xodn 10 xo o < 10°.

. Dd‘b +05 (5-43)

Dy

-0,75

Can ctr vao cac duong dac tinh bién dang 10 x0, tng suit xodn cho phép [t«], hé
s0 hi¢u dinh y co thé tinh duong kinh day cuon 10 xo theo cong thirc sau:

8% PimaxPio

Ixmax

n[t,]

d=3 (5-44)

Ung suit xodn cho phép [1,] = 350 + 600 MN/m?.
Sau khi tinh duoc dudng kinh ddy cudn d, cn tinh nghiém lai T, < [1,].
Do bién dang 16n nhat fa, = fy + ey
b. SO vong cdng tic ciia 10 xo:
Gd4fmax
let = o5 3
8I:)Ixmathb

xGdf o

Hoac: i 5
DT

(5-45)

ct
max

Tmax- tinh v61 Plxmax;
G: Modun dan hoi vat lidu khi chiu cit G=(0,8+0,85)10° MN/m”.
Thong thuong i, =5 + 12 vong.
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Néu ca hai vong dau duoc mai phang thi:
1=1y4+(2+3) vong
¢. Buéc xodn 10 xo t:
Khi bién dang 16n nhét giira cac vong ciia 10 xo can phai ¢6 khe hd A min = 0,5
+ 0,9 mm.
Vi dong co cao tdc nén chon sb nho dé 10 xo it dao dong ¢ trang thai tu do.

Budc xoan t xac dinh theo cong thirc sau:

t:d+@+Amin (5-46)

1

ct

Chiéu dai 16 xo khi xupap mé 16n nhat:

Lin = id + eAmin (5-47)
Chiéu dai 10 xo khi xupap dong kin:

lo = lmin * Nimax (5-48)
Chiéu dai 10 xo & trang thai ty do:

lix = Loin + frax = 1o + £, (5-49)

Pé tranh cong huong, yéu cau tan s dao dong tu do ciia 16 xo (ny) phai 1on gép
10 lan s6 vong quay truc cam (n.).

ny,/n. > 10.

T |C
nlx =% N
m

Trong d6:  C, m - d6 cting va khéi lugng 10 xo.
Néu dung nhiéu 10 xo (2 16 x0) thi phai bao dam diéu kién khong cong huong:

I"]Ix‘l + r]I><2
n n

Cc Cc

5.4. Tinh kiém nghiém strc bén truc cam
5.4.1. Tai trong tac dung:

RN -14] 'Ul R Y
e LR,

Gia thiét truc cam
nhu dam c6 tiét dién dong
déu dat tu do trén hai goi

! B tva nhu hinh 5.15. Tinh
W = = 4 W theo xu pép thai.
B, J 4 A 5 r
2z Néu bo qua ma sat
a) b) va tr(_)rig luc thi IErc‘ tac
dung trén truc cam s¢ la:
Hinh 5.15 So do tinh sirc bén truc cam Prmax = Pixo + Pt +

Py
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P, luc nén ban dau cua 10 xo Xupap.
P; luc quén tinh co cdu phéi khi khi bit ¢du m& xu pap thai.
Py luc khi thé tac dung trén mat nam xupép thai qui dan vé dudng tdm con doi.
5.4.2. (P'ng suat uén:
M6 men udn truc cam sé& 1a:
I

Mumax = I:>Tmax T|1 MNm (5'50)

11, I, 1a khodng cach tur hai géi twa dén cam chiu luc Prypay

I\/Iumax — Mumax MN/m2 (5_51)

W 4
LI do
32 d
d va d, la duong kinh ngoai va duong kinh trong cta truc cam.
5.4.3. Png suat xoan:

G, =

M6 men xodn dat cuc dai khi luc P, & xa tAm truc cam nhat, con ddi trugt hét
phan cung ban kinh p.

M6 men xo0dn truc cam do luc 16 xo va luc quan tinh gay ra trén mat cam (khi
dung cam 161) x4c dinh theo cong thure sau:

My =Pro A=A [(Pi) + (Pj)do (3-52)

[(Pi): + (Pj)Jo 1a luc 16 x0 va luc quén tinh khi cam quay dén diém B

A 1a canh tay don 16n nhat cua luc Prg; A = ﬂ(R +hp — r)sing
p—r

MO0 men xoan tong cong trén truc cam phai xét dén md men xodn trén cac cam
khac dang cung lam viéc cling nhu m6 men dan dong cac co cau khac. M6 men xodn
tong hop tai mot thoi dieém sé 1a Ms.

Ung suit xodn truc cam:

o =M M, MN/m’ (5-53)
X W d 4
< Tl (o]
16 d

Ung suat tong tinh theo cong thirc Xanh - Vé ning:

AN

Gy

2
6, =c,|0.35+0.65 1+[ J MN/m’ (5-54)

5.4.4. b6 vong cho phép cua truc:

Néu trén doan truc cam cdé mdt cam nap va mdt cam thai:
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P, I213
f-68—112_ (5-55)
El(d* —-d;)
Néu trén doan truc c6 hai cam cung tén thi:
P, (31-41)2
f=34—"—""—_"1"1 -1f]=0.05-0.1 mm 5-56
S gy 0 (5-56)

5.4.5. ng suat tiép xdic mat cam:
Débi v6i con doi hinh try, hinh ndm:

o, —0418|°E  MN/m? (5-57)
bp

Doi voi con ddi con lan:

i

o, =0.418 PEMA T v’ :
b \lp R k;'-,,

(5-58) 1’

R, 1a ban kinh con lan. [ ] = 600
- 1200MN/m*

: @‘L
H |
B

7;

/]

p 1

=
S

Yr——r;:

*'b —— ——

5.5. Tinh strc bén con doi

Con d6i hinh nim hoac hinh truy:

Thuong tinh kiém nghiém ap suat
tiép xtc trén than con doi. Khi cam tlep
xuc voi con doi & dlem B m6 men xodn
truc cam M, c6 tri sO 1on nhit. M6 men
nay lam than con ddi bi nghiéng va tiép
xtc khong déu. Hinh 5.16 So do tinh ap sudt trén than con doi

by

5.5.1. Ap suat tiép xuc:
oM,

max =
dl?

(5-59)

V6i 1,d 1a chiéu dai tiép xuc va duong kinh cta than con doi (m).
Con d0i con lan:

Luc tac dung Ién con doi tinh theo cong thuc sau:

Px=Prtgy
Luc nay giy ap suat cuc dai tai mép dudi 16 din hudng:
K ax = ZI (1+ 6y) ; (5-60)

[Kpn] < 10MN/m?
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5.5.2. Ap suét trén mat chét:

P 2
K, = B K] =90 MN/ 5-61
ch d(L _ I) [ h] m ( )

Py la lu’g tac dung 1én chdt con lan; 114 chiéu dai con lan; L,d 1a chiéu dai va
duong kinh chot.
5.5.3. Ap suét trén bac chét:

K, :Zpl [Ky] = 80 MN/m (5-62)
5.5.4. 'ng suat cat chét:
2P
T, = n(d—_psz) [t.] = 90 MN/m’ (5-63)
5.5.5. ’'ng suat udn chét:
o, = ;'7\7 [G.]= 200 MN/m” (5-64)

5.6. Tinh strc bén diia day

bua déy duoc tinh theo hé s an toan 6n dinh doc:

n=TEL phys—yg (5-65)
P

E: mé dun dan hoi vat liéu; I; : M6 men quén tinh cia tiét dién diia déy
lq, P4 chiéu dai va lyuc tac dung diia déy;

Ung suét tiép xtc dau diia day tinh theo cong thirc:

G, =0,388.23 PdEz[rl - rlj [64]=1000 — 2000 MN/m” (5-66)
1 2
111 1 ban kinh du diia ddy va ban kinh
mat tiép xac (con doi, don bay).

5.7. Tinh strc bén don bay

Lyc tac dung 1€n hai dau don béy luon
can bang nén:

P.a=Prb (5-67)

Luc tac dung 1én phia bén dau xupap bang:

Hinh 5. 17 So' dé tinh don bay

P =P; g v6i a, b 1a khoang cach tir lyc dén tim quay don bay.

Trn Thanh Hai Ting, B6 mén Méy dong luc, Khoa Co khi giao théng, PDHBK DN



Tinh todn Péng co dot trong - Chuong 5 * Tinh todn co cau phéan phéi khi 5-19

5.7.1. 'ng suat tong tac dung lén tiét dién x - x:

X X

Cy = Pk[\l;{; + C(I):SOLJ [65]=100 - 150MN/m” (thép cacbon - thép hop kim)
lix 12 khodng céch tur lyc P, dén tiét dién x - x; W, mo dun chéng udn cua tiét
dién x - x; F, tiét dién x - x; o goc léch gitra phuwong luc Py v6i dudng tim don bay.

5.7.2. 'ng suét tiép xuc dudi xu pap:

2
o, = 0,3883) P:'f [ou]= 4500 MN/m? ~ (5-68)

5.8. Tinh strc bén xupap

Tinh sitc bén cta ndm xupap co thé ding cong
thire Back, gia thiét nam xupap nhu dia tron dat trén dé
tua hinh tru.

5.8.1. ’'ng suat uén méit nam:

d2

% =P
s ) Hinh 5. 18 So do tinh xupdp
[6,] =80 - 120MN/m"” (thép céac bon - thép hop

kim)

p, &p suét khi thé 16n nhat; d,8 duong kinh trung
binh va chi€u day trung binh ctia nam.

Khi truc cam dan dong truc tiép xupép thi can kiém tra 4p suat tiép xtic nén trén
than, cach xac dinh nhu truong hop con doi hinh nam.

Trn Thanh Hai Ting, B6 mén Méy dong luc, Khoa Co khi giao théng, PDHBK DN



Tinh toan Péng co dot trong Chwong 6 * Tinh todn hé thong nhién liéu dong co xdang ding bé ché hoa khi 6-1

Chuong 6

Tinh toan hé thong nhién liéu xang dung

BCHK

6.1. Tinh toan cac bd phan chinh cua bé ché hoa khi

6.1.1. Vat liéu ché tao cac chi tiét chinh

Hau hét cac chi tiét bo ché hoa khi dung kim loai mau dé tranh ri.

Than b ché hoa khi: Hop kim k&m véi thanh phan 0,6 = 0,9%Cu; 3,5 + 4,5%
Al; 0,2% Mg; con lai 1a Zn, cho phép c6 khong qua 0,12% tap chat (trong d6 khoang
0,015%Pb), 0,1% Fe, 0,002% Sn, 0,005% Cd. Hop kim nay c6 ung suat kéo gioi han >
27000 MN/m?, d6 ctmg Brinen > 73 tng v6i luc ép 9810N va duong kinh vién bi 1a
10mm, trén chiéu dai L = 5d (d - dudng kinh mau kéo); d6 gidn nd twong ddi > 4,2%.
than bo ché hoa khi rat phirc tap nén phai dung phuong phap dtc ap luc.

Phao xing: Hau hét ché tao bang dong thanh, hién nay c6 xu hudng ding chét
déo polycaprolactam hodc nhya tong hgp MCH vi hai loai ndy dam bao cho phao dat
chat lugng tét. Phao lam bang chat déo giam dugc thé tich cua phao tir d6 giam duoc
thé tich budng phao (vin dam bao stic ép 1én van kim), sirc bén co hoc tét hon, gia
thanh ché tao thip hon (khoang 2 + 2.5 lan so v&i dong thanh). Ngoai ra nguoi ta con
dung chit déo 1am hong va vai chi tiét ctia bo ché hoa khi.

Céc gic-lo, than van kim, pittong... thuong lam bang dong thanh AC59.

Budm gi6 va budm ga 1am bang cac 14 dong thanh A63.

Thén budng hdn hop duc bang gang xam C 18-36 hodc C 21-14.

6.1.2. Buéng hén hop
6.1.2.1. Tinh dwéng kinh buéng hén hop

Du(‘{ng kinh buégg hon hop 1a kich thudc co ban va quan trong, dua vao dudng
kinh nay dé chon bd ché hoa khi cho dong co.

dy=a,|V,. 1000 (mm) (6-1)

- Hé s6 dao dong cua dong chay, phu thudc vao sé xilanh dung chung mot
budng hdn hop; Vj, - thé tich cong tac ciia mot xilanh (dm”); i - sd xilanh dung chung
mot budng hon hop; n - s6 vong quay dong co (v/ph)

S6 xilanh 1 2 3 4 5 6
Hé $6 a, 242 17,1 14,15 13 12,85 11,9
6.1.2.2. Kiém nghiém téc dé khong khi qua buéng hén hop

Theo kinh nghiém cua céc nha san Xuét, dong co dat dugc chi ti€u kinh té ky
thuat tot néu toc do vy, = 40 + 60 m/s (4 xilanh c6 chung mot buéng hon hop), vy, = 20
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+30 m/s (néu 2 xilanh chung mot dudng hdn hop).
Tdc do trung binh ctia dong khi qua budng hdn hop tinh theo cong thirc:

V. .inn,.
| T.TC .
Khéng k{ﬁ \—J rlKh\()ng khi °
Trong do:

V}, - thé tich cong tac ctia mot xilanh
(m’); i - sd xilanh ding chung mot budng
hdn hop; n - sé vong quay dong co (v/ph);
d, - dudng kinh ctia budng hdn hop (m); 1,
- hé sb nap; v - hé sb quét khi; T -sb ky.

Vi néu it xilanh chung mét budng
hon hop thi thoi gian moi chat di qua buong
Hinh 6.1. So do tinh buéng hon hop hon hop rat nho (chi chiém khoang 1/4 hoac
1/2 thoi gian cua chu trinh khi ¢6 1 hoac 2

xilanh).
6.1.2.3. Chiéu dai budng hén hop
Chiéu dai budng hdn hop 1= (0,8 + 1,8)d,,.

6.1.3. Xac dinh kich thwéc hong:
6.1.3.1. Xac dinh so bé dwong kinh:

’Duémg kinh hong dugc quyét dinh boi luu luong khong khi qua hong va tdc do
thuc t€ khong khi qua hong trong gidi han theo thuc nghi¢m.

Chon so b¢ duong kinh cta hong dy, theo kinh nghiém.

- Loai mot hong: d, = (0,6 = 0,8)d,
- Loai hai hong : din = (0,6 = 0,8)d,

die = (0,2 + 0,3)dy.
- Loai ba hong : din = (1 = 1,2)dy

dpe = (0,4 + 0,5)d,
dp = (0,2 + 0,3)ds.
d; - duong kinh ctia hong.
dpn » dig , die - duwong kinh cua hong ngoai, hong gitra va hong trong.
d, - dudng kinh ctia budng hdn hop.
6.1.3.2. D6 chan khong tai hong:

2 .
Ap, = Pi|g D\ nin,
2 1°\d, ) 120 p,
u, - He s6 luu lugng cia hong, phu thudc vao hinh dang, chét lugng cia hong
va s0 hong.

2

; (N/m?) (6-3)
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u, =0,85 +0,9 -vdi loai mot hong.

u, = 0,7 + 0,85 - voi loai hai hoac ba hong.

Ch}'l y rang: Ap, khong phai 1a I}éng Sé, theo thoi gian, dao dong cuia Ap, cang
16n khi sO vong quay dong co cang thap va so xilanh cang it. Ap, - d¢ chan khong &
hong (N/m?), thudng khoang 2000-15000 N/m?.
6.1.3.3. Téc dd thwe té khong khi qua hong:

2Ap,
Vi = Ky o ; (m/s) (6-4)

k

Téc d6 thyc té ctia khong khi qua hong ndm trong khoang 40 - 130 m/s
6.1.3.4. Lwu lwong khong khi qua hong:

ni
—p (kg 6-5
Do (k) (6-5)

V, : thé tich cong tac ctia mot xi lanh( m’); n: sd vong quay cua dong co (v/ph);
pi: khdi lugng riéng cua khong khi trude éng nap = 1,1 -1,2 (kg/m’); i: s6 xilanh; 1y:
hé s6 nap =0,7-0,9.
6.1.3.5. BPwong kinh chinh xac cua hong:

A= =2 (m) (6-6)
TV, Py

Tbc d6 vy, duge chon chi dam bao két qua tt khi lya chon chinh xéc ty ) gitia
tiét dién luu thong hong khuéch tan f, va tiét dién lwu thong ctia budong hdn hop fi,:
V&i bo ché hoa khi 1p trén dong co 66 T _g4.075

b

G, =1V,

Vi bo ché hoa khi lap trén dong co xe

may, xuéng may j:h:l f\ Q

|
b Khoéng khi = E Khéng khi
|
I
I

Néu fv nho qua lam ting ap suét tinh \r'_xa"g
) .

sau hong khuéch tan, xang kho bay hoi, mat

khéc con gdy anh hudng xau toi1 chat lugng

lam viéc cua h¢ thong khong tai.

Néu & 16n qué, anh hudng xau toi kha
b
ning phuc hdi ap sut tinh tai khu vuc sau
hong khuéch tan va do dé lam ting ton that
trong bo ché hoa khi. i
Hinh 6.2 So do tinh toan BCHK giam
6.1.4. Tinh gic lo’ va voi phun: do chdn khong sau gic lo chinh
Trudng hop bd ché hoa khi dung hé théng phun chinh giam d6 chan khong sau
gic lo chinh:
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6.1.4.1. Téc dd nhién liéu qua gic lo:

Vo = Mg \/pi(Aph _Apkk) (m/s) (6-7)

nl

Ap,

1+ {fgka
f;
O day Apy: d6 chan khong trong dng khong khi;
f, 14 tiét dién gic lo khong khi (m?);
f, 1a tiét dién voi phun (m?).
6.1.4.2. Lwu lwvong khong khi qua gic loe khéng khi:

Véi: Ap,, =

Gy =My fy \/29k (Ap, —Apy) ; (kg/s) (6-8)
6.1.4.3. Bwong kinh gic lo’ nhién liéu:
4, = |95 (m) (69)
TE'an 'pnl

Gy dugc xéc dinh theo cong thic: G, = %10‘3 (kg/s) (6-10)

v 1a toc do nhién li€u qua gic lo nhién li¢u.

6.1.4.4. Pwong kinh gic lo
khéng khi:

4ng
dy =, [———;(@m) (6-11)
TV g Prac

Vg 12 toc d khong khi di qua
gic lo khong khi.

Khéng khi ~ 3 C ™ Khong khi
Xang
!

Trudng hop b ché hoa khi c6 i
gic lo chinh va gic lo bo xung: \/

Kich thudc cac gic lo dugc
tinh nhu sau.

1

a. Toc d0 nhién liéu qua gic lo

chinh: Hinh 6.3. So do tinh BCHK c6 gic lo b6 xung

Vo =H, z(Aph—gh);(rms) (6-12)

nl
n: Hé s6 Iuu luong qua gic 1o chinh xac dinh theo ty sb lo/ds va Ap,.
poi: Khéi lugng riéng nhién liéu (kg/m’), ddi voi xang = 730-780kg/m’
g: gia tdc trong truong = 9,8 1m/s”.

h: Chénh I¢ch murc xdng va mi¢ng voi phun (m) (kinh nghiém h=2-5mm).

b. Puwong kinh gic lo’ chinh:

6-4
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d, = e (m) (6-13)
TC.Vn| 'pnl
Gnle: Luu luong nhién liéu qua gic lo chinh (kg/s) chiém 90 - 95 % luong
nhién li€u tiéu thy trong mat gidy ctia dong co.

N.-&. . 3
G, =—210" ;(kg/s 6-14
o= S0 k) (6-14)

c. Toc d¢ 1y thuyét nhién liéu qua gic lo' bd sung:
Vo =+2¢H (m/s) (6-15)
H: 13 mirc xang trong budng phao (m).

d. P9 chan khong sau gic lo bd sung:

2
_ anppnl .
P 2 >

Ap (N/m?) (6-16)

e. Puong kinh gic lo bo sung:

4G,
dp = |7 (m) (6-17)
TC.]J,gp 'anp 'pnl
Gupp: Luu luong nhién liéu qua gic lo bd xung (kg/s). Gniy=Gni-Gnice
n: Hé s6 Iuu luong qua gic 1o bd xung xac dinh theo ty s6 lop/dg, va Ap,,.
6.1.4.5. Xay dwng dac tinh ctia bo ché hoa khi:
Dic tinh ctia bo ché hoa khi 13 quan hé gitta hé sé du luong khong khi a véi do
chan khong tai hong Apy,.
=S
G,L,

a. Poi v6i bo ché hoa khi dung hé théng phun chinh giam d9 chan khong sau gic
lo’ chinh:

2 2
o= dy | By \/p_k Ap, n d, | K, (6-19)
dg LOl"l'g Pu (AP, —Apy) dg LoMg

1o 12 hé sb tiét luu qua dng phun.

d, 1a dwong kinh 6ng phun (m).
b. Pdi v6i bo ché hoa khi dung hé thong phun chinh c6 gic lo bo sung:
d’u, \/p, A
h“h pk ph (6_20)

o=
LO |:dzl’lg \/pnl (Aph _ghpnl ) + dzp“gppnl V 2gH j|

6.1.5. Buéng phao:
6.1.5.1. Tinh toan co’ cau phao:
Cac thanh phan luc tac dung 1én co cdu phao.
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Fo=F +F +F,+F, +F

F1,F2,F3

T do: F6
rong do i

F, - luc day cua ap suat xang trén ong dan

F, - trong luc cta van kim €]

F; - lyc can d¢ dong kin van kim SR -

F,4 - trong luc tay don

Fs - trong luc cua phao - -

Fe - luc d’fly acsimet. Hinh 6.4. So do luc tac dung lén phao
:Frén CO SO tiqh toan ta chon cac chi tiét C}”la budng phao nhém gilt mirc xang

thay doi it khi thay doi luu lugng xang hoac 4p suat trong bom chuyén xang.

6.1.5.2. Cac kich thwéc chinh cia budng phao:

S liéu kinh nghiém cua co ciu budng phao:

- Puong kinh dé van kim: 1,5 + 2,2 mm.

- Géc dinh van kim: 90° + 120°. Goc nay c6 thé nho hon goc vat cia dé van kim
khoang 1 + 2° 1am cho van kim bam chit 1én dé van kim khi kim loai c6 bién dang
nho.

- Khéi lwong van kim: 1 = 3 g.

- Khoéng céch tir truc quay dén van kim: 5 =+ 10 mm.

- Khoang cach tir truc quay t6i truc thang dting ctia phao: 20 + 30 mm.

- Khéi lwong phao: 10 + 35 g.

- Thé tich phao: 35 + 52 cm’.

- Khéi luong riéng cua phao: 0,2 + 0,385 g/cm’.

- Phan thé tich phao chim trong xang: 0,5 + 0,7.

- Thé tich xdng chira trong budng phao: 50 + 150 cm’.

6.2. Bom xang:

6.2.1. Tinh toan bom xang kiéu mang:
Luu lugng bom xang phu thudc vao:

Puong kinh than bom Dt (mm).

Dién tich tiép xtic dia ép, tng voi Dy(mm). e @

Hanh trinh coa tryc ddy mang bom A o |
h(mm). AN s
6.2.1.1. Lwu lwong ly thuyét cia bom:

V, =6.10"V,n. ; (Vh) (6-21) oo

Trong do : . fb), .

/ Hinh 6.5. So do tinh bom mang
,_ 7h,
V! = = (D} +D} +D,.D,) (mm®)
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n: 1a s chu trinh 1am viéc ctia bom trong mot phut.
nh
Vi » 4C D12

V), didc trung cho kich thudc ctia bom. Thong thuong Vi, 16n hon 20 lan luong
nhién liéu 16n nhat dong co tiéu thy trong 1 gio. Do vay khi cac chi tiét din dong bom
mon van c6 thé dam bao cung cap di xing.

Luu lugng thuc té ciia bom V, (I/h) duogc xac dinh trén bé thir truong hop khong
¢ d6i ap sau bom (tré lyc ¢ van kim). V1a luu lugng cong tac cua bom diéu kién xac
dinh nhu V, nhung c6 ddi ap sau bom. V thuong dugc tinh 16n hon lIuu lugng tiéu thu
16n nhét cta dong co khoang 2-3 1an vi vay c6 thé khir sach bot khi trong dudng 6ng.
6.2.1.2. Trinh tw thiét ké bom xang:

- Chon h, khoang 4-6mm (véi bom ¢6 Dt <50mm.)

- Xac dinh Dy, tinh dy trit v6i he = 0,1h,

D, = [VVner  (mm) (6-22)
t.h

= ot

V01 V pax lu’g lugng xang cung cép trong mot chu trinh, tinh theo lugng nhién
li¢u ti€u thy 16n nhat trong mot gio. Ve =V

Kich thuéc Dt duogc tinh:

Dy=D;+4r+ 468

r: ban kinh lugn cua dia ép trén va dudi (mm).

§; chiéu day mang bom.(mm) thudng 0,5mm

Kinh nghiém cho théy’r VE‘t’R nén >= 0,5h,. Khi r >=4 - 5 chiéu day dia ép va
R>= 7-8 mm, bom lam viéc tot nhat.

Thuong D,T =(1,4 - 1,8)D,. Ap suat day cﬁz} bom Ap, phu thudc stc cé’n sau
bom, Ap, 16n nhat khi luu lugng bang khong va bang 120 - 250mmHg, ap suat nay
phu thudc do cung 16 xo mang bom C= 13 - 25 N/cm; di, = 1,8 - 1,9mm; vat li¢u 10 xo
thép 65I"; Dyp=20 - 30 mm, 1, =40 - 50 mm.

Mang bom béng Véi‘ son dac bi¢t, c6 kha nang dan hdi va chiu dugc xang. Hanh
trinh cua cac van mdt chiéu khoang 1,5 - 2,5mm, duong kinh 10 van thuong khoang
(0,12 - 0,16)Dr.

Van bang ,phip hoidc cao su chiu xang lap voi dé van va 16 xo vao than van. dy
=0,2 - 0,4mm, so vong 5,5 - 65, D = 6 - § mm, d6 cung 0,35 - 0,4 N/cm.

6.2.2. Tinh toan bom xang kiéu bom canh gat:
Tham khao theo tai liéu may thuy khi.

6.3. Thung xang:
Thé tich thung xang:
Dong co tinh tai:
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Vi _5 8Nt ;o (lit) (6-23)
pnl
Dong co 0td xe may:
S ,
V. = 8.1—00 Vi 5 (it (6-24)

Trong do:
0 - hé, s6 st dung thé tich: dong co may kéo 0 = },1; 0td, xe may o0 = 1,06 +
1,12; g. - suat ti€u hao nhién li€u (kg/kW.h); N, - cong suat c6 ich dinh muc (kW)
t -s6 gi0 dong co lam viéc lién tuc & ché do toan tai (thuong t =10 h);
q S - Quang d}I(‘mg xe chay mot ngay dém hoidc quing dudng xe chay khong can
do xang; Vo la theé tich nhién li¢u ti€u thy trung binh cho 100 km.
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Chuong 7

Tinh toan hé thong nhién liéu Diesel

7.1 Tinh toan bom cao ap:
7.1.1. Lwong nhién liéu cung cap cho mét xylanh trong mét chu trinh
cong tac :
-3
y - Neg.7.10

X

3
7-1
120n..p,, (mimc) -1

Trong d6 :

Ne: Cong suat c6 ich dong co (KW).

g.: Suét tiéu hao nhiéu lidu (g/KW.h)

n: S6 vong quay cua truc khuyu (v/ph).

: SO ky.

poi: Khéi lugng riéng cua nhién liéu (g/cm’).

i: S xi lanh.
Cong suat dat cuc dai : N pmax tang 10% . N, hay Ne pax = 1,1 N,
Suét tiéu hao nhién liéu lac N o tang 1én (1,05 + 1,1) % g, tuc la:

8o nemas = (1,05 + 1,1) g

Lugng nhién lidu cung cép cho mot xylanh trong mét chu trinh cong tac &
ché d0 N¢ jax :

. 3
V' _ l,l.Ne.(L 05 . 19 l)ge‘z-‘l() )(mma) (7—2)

X

120.ni.p,

7.1.2. Lwong nhién liéu theo ly thuyét bom phai cung cap dé bao dam
cho déng co hoat ddng:

y _Vy +AV+ AV, + AV,

P

(7-3) 2 .

A V,: Do tang thé tich nhién
liéu do ro ri trong qua trinh cung cap

tir lic bt ddu bom cho dén lic bat }\&ﬂ
dau phun. \J___,_kﬁ
a)

A V;: DB§ tang thé tich do gian
nd duong ong

A V;: Thé tich nhién liéu thoat

il
2 Sy
:1,| I
g
| |
a |
o |
R
=
w/t

| s,

5)

Hinh 7-1 So d6 tinh todn piston bom cao dp
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Tinh todn Péng co dot trong - Chuong 7 * Tinh todn hé théng nhién liéu Diesel 7-2

tré vé khoang ctra nap
Pat: Vo=V, + AV, +AV,+AV;=a . V',

Gia tri o phu thude vao loai bom cao ap a =2,5+30

N 3
Vp=(2,573); (mm)

7.1.3. Bwong kinh piston bom cao ap :

4V
d,=3 . /;’ (mm) (7-4)
Trong do :
. . h
p 1a ty s6 hanh trinh 16n nhat va duong kinh piston. p = Ic;l = =1,0 +1,7

P

(Dbi v6i dong co khong ting ap V= 0,61 — 1,9 (dm’) va téc do n= 2000 —
4000 v/ph thi d,/D=0,065 -0,08.)

7.1.4. Hanh trinh I&n nhat cta piston bom cao ap :
Ry =d,.p  (mm) (7-5)

Thuong d, duoc ché tao the0~chu5i kich thuéc tiéu chuan: 5; 5,5; 6; 6,5; 7;
7,5; 8; 8,5... (mm) va hynma, theo chuoi: 7; 8; 9; 10; 12; 16; 20...

7.1.5. Hanh trinh c6 ich cua piston:
=
5 (mm) (7-6)
2
f =an"1&‘1 tiét dién ngang ciia piston

p

(mm?).

7.1.6. Tinh toan van cao ap:

Van cao 4p phai co du tiét dién luu
thong dé giam tr¢ luc.

Tiét dién luu thong qua mat con (mat
lam vi¢c) cua van loai nam.

fV:n.hv(varhvsin(p)sin(; (7-7)

h, - Hanh trinh nang c6 ich cua van,

\ . . A Hinh 7-2 So do tinh todn van cao d
d, - Buong kinh nho cua mat con, P
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Tinh todn Péng co dot trong - Chuong 7 * Tinh todn hé théng nhién liéu Diesel 7-3

¢ - Goc mat con (mat [am viéc).
) Khi thiét ké co thé chon thf:O mbi quan hé gitra tiét dién luu thong cua van f,
va tiét dién luu thong ctia duong ong cao ap fy:
f,=(1,5+2,5f;
Pudng kinh trong ctia duong 6ng cao ap c6 thé xac dinh gan ding:
d

d,=—= 7-8
¢ 45+6 (7-8)

d, - Puong kinh piston bom cao ap.
Vi van cao ap c6 vanh giam ap: Thé tich nhién liéu do vanh giam 4p hit cua
dudng Ong cao ap (cm):

nd?

AV, = 4d h, =Ap,.a,V, (7-9)

Trong do:

hy, - Hanh trinh cua vanh giam ap,

Aps - 4p suat duong dng cao ap bi giam

o, - Hé s6 chiu nén cia nhién liéu,

Vs - Thé tich nhién liéu trong ng cao ap va éng din cua voi phun.

Khi thiét ké phai chon hanh trinh toan bd cta van cao 4p hy nhiam dam bao
tiét dién luu thong can thiét.

hy =h, + hy,
Van cao &p khong c6 vanh giam ap: h, =0 va hy =h,.

Hanh trinh toan bd ctia van cao ap duogc giodi han bang mot chot ti. Néu hy
16n qué so véi yéu cau s€ lam tdng img suat dong cua 16 xo van, lam tang mai mon
de van.

7.2 .Tinh toan voi phun:

X = 60°
7.2.1. Tiét dién lwu théng fi: "12 5
fi=7mx, (dx.sin%—xk.sinz%.cos%j (7-10) \2 |
Trong do:
d, = d; Khi khong c6 16 trén mit ty. L
d, = d, Khi c6 16 phun trén mit ty. rd,
Mat con véi goc oy = 60" duoc st dung cho d,

hau hét cac voi phun hién nay, vi véi goc do voi , 3, L.
p i Y g Hinh 7-3 So do tinh toan voi phun
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Tinh todn Péng co dot trong - Chuong 7 * Tinh todn hé théng nhién liéu Diesel 7-4

phun rat kin khit va 1am tang tiét dién luu thong thuc té ctia voi phun.

Ty sb % trong khodng 2,5 + 3,5:

X

+Néu Je < 1,5: Gay stc can phu anh hudéng XAu tGi chat lugng phun,

X

+ Néu Je s 3,5 : Lam ting kich thudc cia voi phun.

X

Tiét dién hinh vanh khin f, = %(df ~d?)
Tiét dién than kim phun fi = f, = %d,f

. f .
Ty so: O =f—v. Trong céc voi phun kin hién nay 6 = 0,32 + 0,82. Néu 6 nho
k
s€ lam giam phu tai tac dung 1én 10 X0 voi phun tang tiét dién luu thong, nhung s&
lam gidm &p suat khi kim phun bat dau ty 1én dé.
) Duong kinh va d§ nang kim phun cé quan h¢ mat tl}iét, dong thoi quan hé téi
tiét dién luu thong cua voi phun. Lugng nhién li¢u cung cap cho chu trinh cang tang
thi duong kinh cua kim phun phai tang.

Hanh trinh nang kim phun giéi han trong khoang 0,3 + 1,1 mm.

7.2.2. Téc dd ly thuyét cwe dai cua tia nhién liéu phun ra tir voi phun:

W‘:ngg(p‘p"“)'mS (m/s) (7-11)

nl
Trong do :
p : Ap suat trude 16 phun lac tée d6 trung binh cua pitténg Cp, (max)
p’’e: Ap suit trung binh trong xylanh trong giai doan phun nhién liéu.

P.tD,

b, 5
poi: Khéi lugng riéng nhién liéu (kg/m’)

Déi véi dong co tée do thap :
p=32-40 2 (320 + 400 KG/em?)
m
Déi voi dong co tde do cao :

_ 1< MN 2
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Tinh todn Péng co dot trong - Chuong 7 * Tinh todn hé théng nhién liéu Diesel 7-5

£=0,8+0,9 - Hé sb toc do.
Déi v6i budng chay thong nhat:
W =250 + 350 (m/s).

7.2.3. Thei gian phun:

ac=22 () (7-12)
6n
Trong do:

A@: Goc quay truc khuyu trng v6i thoi gian phun (d§) thuong chon
trong khoang tir 10 — 25°.

n: s6 vong quay truc khuyu (v/ph)
7.2.4. Xac dinh tiét dién téng 16 phun :

Vyx 2
F=—————— (mm 7-13
ow At.10° ( ) ( )
Trong do :

¢ =0,7 + 0,85 - Hé s6 thit dong cua 15 phun.

F - Tong tiét dién cac 16 phun.

7.2.5. DPwéng kinh 16 phun :

d, = \/E (mm) (7-14)

i: s0 10 phun

7.2.6. Kiém tra cac thong s6 16 xo voi phun

Dién tich chiu tac dung cua ap suét nhién liéu dé nang kim phun

S:%(d,f—dj) (7-15)
Lo xo chiu phu tai khi 4p suit nhién liéu p,
pP1=po.S (N) (7-16)
Ung lyc 10 xo trén 1mm c6 d6 bién dang 1a
4
_ 10%25 (N/mm) (7-17)
|

Trong d6 :
d = duong kinh 10 xo (mm)

d = duodng kinh day 10 xo (mm)

Tran Thanh Hai Tung, B6 mén May dong luc, Khoa Co khi giao thong, PHBK DN



Tinh todn Péng co dot trong - Chuong 7 * Tinh todn hé théng nhién liéu Diesel

1 =30 vong 10 xo lam viéc

Bién dang ban dau can thiét cia 10 xo :
hy = Py (mm)
p

Luc 16n nhét tac dung 1én 16 xo0 khi m¢ kim phun :
Py=p(hy+hy)

Trong d6 : h; - hanh trinh kim phun 16n nhat (mm)

Phu tai cho phép 16n nhét

D61 véi 10 xo [am bang vat liéu thép cacbon

3
P-786°
d
Déi v6i thép hop kim sé 1a :
3
P-1182
d

Chiéu dai 10 xo khi m& kim phun :

I, =10 +ie (mm) (7-18)

Trong d6 : e =2mm Khe hd nho nhit giita cac vong 10 xo

Chiéu dai 10 xo khi dong kim phun:

L=1,+h, (mm) (7-19)

Chiéu dai 16 xo ¢ trang thai ty do :

13 = 12 + ho (mm) (7-20)

7-6
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Tinh toan Péng co dot trong- Chuwong 8 * Tinh todn Hé théng lam mdt 8-1

Chuong 8
Tinh toan hé thdng lam mat déng co

8.1. Tinh todn hé théng lam mat bang nwéc:

8.1.1. Xac dinh lwong nhiét tir ddng co truyén cho nuéc lam mat:

Nhiét do tr dong co truyén cho nudc 1am mat cé thé coi‘ gﬁn béng sﬁ nhiét
lugng dua qua b tan nhiét truyén vao khong khi, lugng nhiét truyén cho hé thong lam
mat ctia dong co xang chiém khoang 20 + 30%, con cia dong co diéden chiém khoang
15 + 25% téng s0 nhiét lugng do nhién li€u toa ra. Nhi¢t lugng Qy,, co thé tinh theo
cong thure kinh nghiém sau day:

Qm= QmNe,  (J/5); (8-1)

Trong d6: q - Luwong nhiét truyén cho nudc lam mat tmg mot don vi cong suat
trong 1 don vi thoi gian (J/kW.s);

Déi voi dong co xang:

qQ'm= 1263 + 1360 J/kW.s (1300 + 860 kcal/ml.h)

Déi voi dong co diéden:

Q'm = 1180 + 1138 J/kW.s (760 + 720 kcal/ml.h).

Co tri s6 Qy, ta co thé xac dinh dugc lugng nude Gy, tuan hoan trong h¢ théng
trong 1 don vi thoi gian:

Q

G — m 8-2
m C At ( )

n n

Trong d6 :

C, - Ty nhiét cua nudc lam mat (J/’kg.do );

Nudc: C, = 4187 J/kgdo (1,0 kcal/kg.do ),

Etylen glucon C, = 2093J/kgdé (0,5kcal/kg. do).
At, - Hiéu nhiét 36 nudc vao va ra by tan nhiét:
Vi dong co 6 t6 may kéo At,=5 + 10°C.

V6i dong co tau thuy At,= 5 + 20°C khi ding v6i hé théng lam mét ho va 7 +
15°C v6i hé thong kin.

Tinh toan hé théng lam mat thuong tinh & ché d6 cong suat cuc dai.

8.1.2. Tinh két nwée:

Bao gém viéc xac dinh bé mat tan nhiét dé truyén nhi¢t tor nudc ra moi truong
khong khi xung quanh.

Xéc dinh kich thudc cia mit tan nhiét trén co sé Iy thuyét truyén nhiét.

Truyén nhiét trong bd tan nhiét chu yéu la ddi luu. Két nudc tan nhiét cua dong
co 6 t6 may kéo co mot mit tiép xic voi nude ndng va mit kia tiép xic voi khong khi.
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Do d6 truyén nhiét tir nuwéc ra khong khi 1a su truyén nhiét tir moi chat nay dén moi
chat khac qua thanh mong. Nhu vay qua trinh truyén nhi¢t c6 thé phan ra lam ba giai
doan ung v6i ba phuong trinh truyén nhiét sau:

- Tir nudc dén mat thanh dng bén trong:

Qm= o Fi(ta- ta1), JIs; (8-3)
- Qua thanh 6ng :

Qun=MAF; (ts1- ts2)/0  J/s; (8-4)
- Tr mat ngoai ciia thanh dng dén khong khi

Qm= 0 Fs (2 - tw),  I/s; (8-5)
Trong d6 :

Qim — Nhiét luong ciia dong co truyén cho nudc lam mét bang nhiét luong do
nudc dan qua bo tan nhiét (J/s);

o — Hé sb tan nhiét tir nude 1am mat dén thanh 6ng cua bo tan nhiét (W/mz.d(f));

A — Hé s6 dan nhiét cua vat liéu 1am dng dan nhiét W/m.do (kcal/m.h’C);

8 — Chiéu day cta thanh éng (m);

o, — Hé s6 tan nhiét tir thanh 6ng cua bd tan nhiét vao khong khi, tinh W/m?. do
(kcal/m.h’C);

F, — Dién tich bé mat tiép xtic véi nudc nong (m?);

F,— Dién tich bé& mit tiép xuc voi khong khi (m®);

ts1,ts2 — Nhiét d0 trung binh cua bé mit trong va ngoai cua thanh 6ng;

to,tie — Nhiét do trung binh cua nudc lam mat trong bo tan nhiét va cua khong
khi di qua bo tan nhiét.

Giai cac phuong trinh trén ta co:

Co= 1 E 5 RO W k) 66

+
o, F, AF  a,

Dién tich tiép xtic véi khong khi F, xac dinh theo cong thuc:
le

F - 8-7
’ k(tn —t kk ) ( )
Trong do:
k= L 1a h¢ s6 truyén nhiét tong quat cua két nude.
1k 8F 1

o, F, AF o,

Dién tich F, thuong 16n hon dién tich F, vi F, con tinh dén dién tich cua cac
canh tan nhiét.
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5 A F s 1 A A LN s A e . r \ A 7 r A
Ty s6 FZ =¢ goi la h¢ so di¢n tich, d6i véi loai két dung ong nude dep cod thé
1

chon@ =3 +6.
Nhiét d6 trung binh cta nude lam mat trong két nudc xac dinh theo biéu thic
sau day :
tn — _nv'or : (8-8)
Trong d6, nhiét do nudc vao t,, va nhiét do nudc ra t,, cua két nudc cod thé léy
bang nhiét d§ nudc vao va nhiét dg nudce ra cua dong co.
Nhiét d trung binh ctia khong khi lam mat:

te +1
tkk — _kkv > Kkr . (8-9)

Nhiét d6 khong khi vao () phia trudc bo tan nhiét 1ay bang 49°C. Chénh léch
nhi¢t do cua khong khi qua b tan nhiét Aty lfiy béng 20 =+ 30°C.
Voi: teer = Gy T+ Atkk.

Hé s6 o c6 thé xac dinh bfmg cac cong thuc thyc nghiém. Tri s6 thi nghiém
ctia hé s o thay ddi trong khoang o= 2326 + 4070 (W/m?>.do).

k k

keof j/m'a&i' w / (m*d5)
100 = 120
/kz Lroo
8o 2 |
! 3
/ il VA L
V4
go 07 e
A 1
40 /é Fa gl i
74 Vo {40
// - 4
20 -~
e 120
o
o 4 8 12 ki fxx
kg [ (m)

Hinh 8-1. Quan hé cua hé sb truyén nhiét k véi tc do khong khi oy

Hé s6 A cua dong 14 A = 83,9 + 126 (W/m.do) ctia hop kim nhom 104,8 + 198
(W/m.d9) con cua thép khong gi 9,3 + 18,6 (W/m.do).

Hé s o, phu thude chit yéu vao téc dd cua khong khi oy

Khi thay d6i o tir 5 + 60 m/s thi hé s6 a, thay doi dong bién tir 40,6 + 303
(W/m”>.do).
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Heé s6 k cho bo tan nhiét kiéu dng c6 thé xac dinh theo dd thi k = f(wy) trén
hinh (8-1). Theo so li¢u thi nghi¢ém, x4ac dinh bé mat lam mat cua bd tan nhiét, c6 thé
liy k ~ o, va c6 thé tinh gin dung o, = 11,38 0% (W/m®.do).

Trong do:

o — Toc do cta khong khi di qua b tan nhiét (m/s),

Khi khong tinh dén cac ton that nhiét:

Qim = Cx Gi(ticr - tiky) (8-10)
Do do: tee =tu + A, .
Ckkak

Tuong ty, tir cong thuc (8-3) chiing ta tim dugc nhi¢t d§ cua nudc khi ra khoéi
két nude. t, =t , —&.
c,G,
V6i dong co 6 to méay kéo, tri s6 Gy co thé tinh theo cong thirc thuc nghiém:
Gy = (0,053 + 0,102)N,, kg/s
Trong do:

N~ Céng suit cyc dai (kW) (trong hé don vi cii Gy tinh kg/h, N, tinh theo ma
lyc thi: G = 140 + 270 N,, kg/h).

Dién tich F, cling c6 thé tinh theo cong thirc thuc nghiém gan ding:
F,=£N, (m’) (8-11)
Trong do:
f, — Hé sb dién tich lam mat cua két nude ung voi mot don vi cong sudt m¥/kW;
N, — Cong suét c6 ich cuc dai cua dong co (kW).

V6i dong co 6 t6 du lich £, = 0,136 + 0,313 m*/kW (0,10 + 0,23 m*/mai lyc),
dong co 6 t6 tai £, = 0,024 + 0,408 m*/kW (0,15 = 0,30 m?/mi luc) va cho dong co
may kéo £, = 0,408 + 0,543 m*/kW (0,30 + 0,40m*/ma luc).

Dung tich ctia hé thong lam mat bang chét 1ong ing vi mot don vi cong suit
(Vi/N,) thuong trong khoang:

DPong co 6 t6 du lich: 0,163.107 + 0,354.10°m*/kW (0,12 + 0,26 I/mi luc).
Pongcodtotai  :0,272.107 = 0,816.10° m*/kW (0,20 + 0,60 I/mi lyc).
Pong co may kéo  :0,816.107 = 2,04.10°m* kW (0,6 + 1,5 I/mi luc ).
8.1.3. Tinh bom nwoc:

Xac dinh luu lugng nudc tuan hoan trong hé théng lam mat Gy,,, va cot ap H

- Luu lugng nudc tuan hoan trong h¢ théng lam mat phu thudc vao nhiét lugng
do nudc lam mat mang di va chénh 1€ch nhiét do cta nudc trong dong co, xac dinh
theo cong thure (8-2):
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G, =G, = —Cn(tflritnv) ,  kg/s;
Trong do:
Qm  — Nhiét luong truyén cho nudc lam mat (J/s);
C, — Ty nhiét cua nudc (J/’kg. do);

tor, toy — Nhi€t d0 nude ra va nhié¢t do nude vao dong co.

- Stic can chuyén dong cua nudc trong hé thong lam mat dugce tinh theo cot
nudc H va phu thudc vao stc can cua ting by phan: két nude, ong dan, vach nude
trong than va nap may v.v ... Thuong sttc can tong quat cua hé thong lam mat khi tinh

toan gan ding c6 thé 1ay H= 3,5 + 15 mH,O0.

Xac dinh lugng nude lam mat tiéu hao Gy, va cot ap H, ta co thé xéac dinh dugc

kich thudc co ban cua bom nudc.

Luu lugng cua bom nude xac dinh theo cong thirc sau:

G, T ; kg/s  (8-12)
n

Trong do:

n—H¢ sb ton that cua bom: n=0,8+0,9.

Kich thudc cha yéu ciia bom phai can cir
vao su chuyén dong cua chat long trong bom.
Vi loai bom ly tdm céc phan tir chat long dong
thot tham gia hai chuyén dong (Hinh 8-2).

1 - Van téc vong: Nudc quay cung canh
bom véi véan tée u (tai diém vao A: van toc la
us; tai diém B, van toc 13 uz).

2 - Vian tbc twong ddi theo hudng tiép
tuyén v6 canh quat w (tai A: van tdc tuong dbi la
wi; tai B vén toc twong ddi 1a w2).

Nhu vdy phan tor nuée chuyén dong véi
van téc tuyét ddila: c=u+w; (tai A c6 van tde
tuyét ddi a; tai B ¢6 van tdc tuyét ddi 5).

L nudc vao bom phai dam bao cung cap
da lugng nudce tinh toan can thiét, Kich thude
cua no dugc tinh theo cong thirc:

f=n(r? —r,%) = CGb .t (8-13)

1~n

Hinh 8-2. So db tinh toan bom nwdc li tam
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+12O;

Gy — Luong nudc tinh toan ctia bom (kg/s);

r; — Bén kinh trong ctiia banh cong tac (m);

1o — Béan kinh ¢ banh cong tac (m);

¢;— Van tdc tuyét ddi cuia nude khi di vao canh, béng 2 +5 (m/s);
pn,— Mat do ctia nude (kg/m3).

Tur phuong trinh (8-10) rut ra:

=S iz im, (8-14)
C‘lpnn

Ban kinh ngoai r, cia banh cong tac dugc xac dinh tir van toc vong u, ¢ diém

u, = ,/1+tga, cotgp, /ﬂ , m/s (8-15)
Ny
Vay: =t 3%, (8-16)
o, 7n,
Trong do:

o, — Goc gitra cac phuong trinh cua van toc ¢, va u,,c, va o= 90° va o=8

B1B2 — Goc kep gifra cac phuong cua van toc twong doi w voi phuong cua u

theo hudng nguoc lai (6 A c6 By, 0 B c6 B,); thuong B,= 12 + 15°, khi tang B3, thi cot
nudc do bom tao nén s€ tdng, do do6 khi nguoi ta dung bom véi =35 + 50°, hodc dic
biét c6 bom B,= 90"

g - Gia tdc trong truong =9,81 m/s’;

H - Cot ap cia bom (m);

Mo- Hiéu sudt cta bom = 0,6 + 0,7;

o,- Toc do vong cua banh cong tac (1/s);
n, - SO vong quay ctia banh cong tac (ve/p).

Thong thudng a,= 90° khi d6 B, xac dinh theo cong thirc:

Cc Cr
to(B,) == ==
U, Uy,

(8-17)
Tri s6 cua B, ndm trong khoang 40 + 55° ciing c6 thé nho hon.
Quan h¢ gitrta tdc do uy, u, biéu thi theo cong thirc sau :

u=up. 1 (8-18)

Iy

Chiéu cao cua canh bom ¢ 161 vao va & 101 ra dugc xac dinh:
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b, = G, 5m
p,-C,(2mr, - Z—1-)
sinf, _ (8-19)
G, |
b, = 5——m
c.(2mr,-Z—2
p r( T 2 SinBz)

Trong do:

81, 8, - Chiéu day ctia canh ¢ 16i vao va & 16i ra, tinh ra (m) c6 thé 1y &= 8,
=0;=3+5mm;

¢, - Toc dd ly tam cia nude ¢ 161 ra (m/s) ;

Hg
u,mn,

C. = Cysinal, = tga, ; (8-20)

z - Sb canh cta banh cong tac thong thuong z= 4 =8 ;

Bom nudc dung cho dong co 6 t6 may kéo ngay nay thuong co :
b; =12 + 35 mm;
b,=10 +25mm;

Sau khi d co gia tri kich thudc co thé tién hanh thiét ké dang canh bom theo
trinh ty sau day:

1 - V€ hai dudng tron déng tam c6 ban kinh r; va ry;

2 - Trén vong cla 1, lay diém B, qua B, dung goc EOB =B, (xem Hinh 8-2).

3 - Tu tam O, ké mdt duong cit vong 1, ¢ k sao cho OK lam véi OB mdt goc
(B1+ B2).

4 - Kéo dai duong BK, cat vong r tai A;

5 - Ké duong trung truc LE ctia doan AB, duong trung truc do gap BE tai E;

6 - Diém E 1a tim ciia cung tron qua AB (dang ctia
canh bom) ban kinh moayo ¢ banh cong tac R, = OE. Qg

[l

Luu lugng bom va ¢4t 4p do bom tao ra phu thude
vao dang canh bom.

3
Luu luong bom nudc Gy, cot 4p H va cong suét tiéu =
thu cua bom N, phu thudc vao s6 vong quay cua banh y
cong tac theo quan hé: I:DJ'E‘L&'
G,=An,, H=B, nzb; N,=C n2b ;

O day : A, B, C - Cac hé sd.

Cong suat tiéu hao cho bom nudc tinh theo cong
thirc sau day:

¥

Hinh 8-3. So db tinh quat gi6
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-3
N, = GoHOB10T o oy

MNp-Neg
Trong do:
Nee - Hiéu suit co gi61 cua bom: ne,= 0,7 + 0,9.
Trong dong co 0 td may kéo cong sudt ton that cho bom nudc khoang Ny=
(0,068 + 0,0136) N, (kW).
8.1.4. Tinh quat gio:
Luong khong khi, ap suat dong do quat tao ra va cong suat ton that cho quat

phu thudc vao s6 vong quay cua truc quat: luong khong khi ty 1€ bac nhat, ap sut ty 1é
béc hai va cong suit ty 18 bac ba véi s vong quay.

Khi tinh toan quat gio, can luu ¥ rang: Ddi véi loai dong co may kéo Gy c6 thé
tinh theo cong thuc (13-8) nhung khi tinh quat
gi6 cia dong co 0 td nén tinh dén anh hudng cua ,2

tbc d6 gié gay ra do tdc do chuyén dong cua 6 6. KK
Do d6 luu luong thyc té cla quat thuong 0,6
16n hon luu lugng tinh todn Gy. -
Mirc d6 16n bé cua lwu luong thuc té phu 04 Y
thudc vao toc do cua 6 to. Khi toc do 6 to 1on, luu f/b
lugng gi6 thyc t€ di qua két nudc tang 1én, nén ¢ 025 05 075 -

2
luu luong khong khi do quat cung cap giam A

xudng 1o ret.

f
Hinh 8-4. Quan hé n, = f(—25
Luu luong cua quat gi6 Gq phu thudc vao R

kich thudc cta quat gio, co thé xac luu luong quat gi6 theo cong thirc sau day:

)

So 6 tinh toan giGi thiéu trén hinh (8-3).

G, = pe(R® —r?)n,bZn, é\/sina.cosa kg/s (8-22)
Trong do:
P, 10°

(thuong chon py = 1,1 - Khéi lugng riéng cua khong khi (kg/m’);

Pr =

RT,
R,r - Ban kinh ngoai va ban kinh trong cta quat (m);
b - Chiéu rong canh (m);
ng=(1+2)n- S6 vong quay ctia quat (vg/ph)
n - S6 vong quay truc khuyu.
o - Goéc nghiéng cua canh.
Z - S6 canh.

Nik - HE s0 tOn that tinh dén strc can ctia dong khong khi khi ¢ cira ra dudi nap
dau xe.
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A A A \ . A f 3 A ‘A ’ < A ‘A 5 5
H¢ s0 M phu thudc vao ty so |;2 ; 0 day f,, - dién tich tiét dién cura ra cua
TC.

khong khi dudi nap dau xe. Quan hé cta hé sd N, voi ty sd ];”Rz gidi thi¢u trén hinh
(8-4). -
Cong suat tiéu thy cia quat gié xac dinh theo cong thirc sau:
_ Znib(R* —r?)sin” a
d 2840.000

kW (8-23)

8.2. Tinh hé théng Iam méat bang khéng khi.

Tinh toan hé thong lam mat bang khong khi bao gdém tinh toan cac phién tan
nhiét & dong co va xac dinh lugng ti€u thu khong khi lam mat dé chon quat gio .

Khi tinh toan phién tan nhiét, thuong tinh véi cac diéu kién sau day:
- Trang thai nhiét ¢ cac phién tan nhiét da duoc xac dinh;
- Nhiét d6 va tde do cua dong khong khi & moi diém khac nhau;
- Sy toa nhiét tir phién tan nhiét vao khong khi thay ddi ty 1¢ v6i nhiét do cua
phién tan nhi¢t va khong khi;

o IS dtee qp
t 50
- b N

, ls0 \
30 08
‘ "
25 V 4 07 \

20
20 g6

10 \
15 05

60 80 1700 720 140 Drivm

KK

a) )
q"a 95 10 15 A
b)
X oo
N, 2
mak A’co{
8o
60 m'”t /
40 500 ' 4
30 - '_‘s;d:&;/
20 |
15 T 400 / !
10 ~ A !
¢ + 300 *
W’1522,53 45678910 522500° ~ 10 20 30 40 <o mfs

C) Re d)

Hinh 8-5. D&c tinh tai nhiét ctia xi lanh c6 phién tan nhiét
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- Su toa nhiét cuia phién tan nhiét v6i chiéu day & va chiéu cao h ¢ thé tinh
tuong duong su toa nhi¢t cua hai mét bén cua ban co6 chiéu cao twong duong h’: h’=h

+—.
2

Xac dinh tc do trung binh cua khong khi o qua khe ho giita cac phién tan
nhiét:

Chon @ = 20 + 50 m/s (tr] s6 16n dung cho dong co ¢6 dudng kinh xy lanh
16n hodc h¢ thong c6 ban hudng gio).

Tinh s6 Raynon:

(phai tinh riéng cho

than may va nap xi lanh)
R — Wy g =
e YKk ,(8-24) y ﬂwm :
Trong do : a7
di¢ - Puong kinh D -

tuong duong cua khe gitra
hai ban (m):

hl Hinh 8-6. So dd tinh toan canh tan nhiét
dy=2——
h+l1

Vi - DO nhét dong hoc ciia khong khi qua khe (khi nhiét 6 khong khi bang 40
°C thi Y= 16,96.10° m%/s).
Xac dinh hé s6 truyén nhiét:

_ Nu7\’kk

a , W/im’do (8-25)

td
Trong do:

‘ Tri s& Nt xen N, = f(R.); sau khi xac dinh dugc tri s6 Re ta s& xac dinh N, theo
do thi (8-5c¢).

A -HE s6 dan nhiét cia khong khi, khi ti = 40°C thi A= 2,75. 107 W/m.do

Gia tri cua o tim dugc trong khoang 139 - 232 \}V/m2 do (120 + 200
Kcal/m*.h.d9). Tri s6 bé tmg véi thanh xylanh bang gang, tri s6 16n Gmg v6i nap bang
hop kim nhom.

Xac dinh hé sb truyén nhiét quy dan:

o

= 2h'(n, +s) ; W/m?do (8-26)

o
“ S+s

Trong do:
h>=h+6/2 (m)

np - Hiéu suit ctia phién tan nhiét: np,=10,5+0,9.
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Gia tri cia n, = f(mh’) dugc xac dinh cho than va nip xylanh theo d6 thi (8-5b).
Trong do:

mh':(h+§j 20 (8-27)
2 \on

1a hé s6 khong thir nguyén;

A - Hé sb dan nhiét:

Dbi voi gang A = 52,3 + 62,8 W/mdo

Dbi véi thép A = 41,86 + 46,52 W/mdd

Déi véi hop kim nhom A = 157 + 203,5 W/mdo

Tinh lwgng nhiét truyén di:

Luu lwong nhiét truyén di cho khi xac dinh bang cong thuc sau:
Qim=Qun+Qugp; /s ' (3-28)

Trong do:

Qu - Luong nhiét truyén qua than: Qup= Fy.d.0tqa(te - tin); J/s (8-29)

Quip - Lugng nhiét truyén qua nap: Qugp= Fy .i.0tga(tudp - tia); J/s (8-30)

O day:

i - S6 xi lanh

Fy - B& mit 1am mat quy din cua thanh xi lanh: Fy=n Doh, (m?)

D, - Buong kinh ngoai ctia vach xi lanh

h, - Chiéu cao cta phan c6 phién tan nhiét ciia than may

F, - Bé mat lam mét quy dan cta nap xi lanh: (m*)

tnip, te - Nhiét do trung binh & céc phién tan nhét & nfip va than.

Trong dong co 1am mat bang khong khi c6 thé tinh gan dung nhiét luong do
khong khi lam mat mang di theo cong thire kinh nghiém:

Qim = (17 +23%)Qo
Qo xac dinh theo cong thirc:
Qo = Qn.Gy (J/s)
Trong do:
Qn - Nhiét tri thip cua nhién liéu;
G, - Luong nhién lidu tiéu thu trong mot don vi thoi gian tinh bang giay.
Nhiét truyén qua nip xilanh Q, thudng tir (45 + 65%)Qim.

Dién tich lam mat can thi¢t cho dong co, theo cac so li¢u thong ké trng véi mot
don vi cong suat F/N, nam trong pham vi sau:
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Dbi voi dong co diéden (6t6, may kéo): 408 + 612 cm™kW (300 + 450
cm’/ml).

Déi véi dong co xang (6t0): 545 + 816 cm?/kW (400 = 600 cm?/ml).
Xéc dinh lwgng khong khi:

Luong khong khi can thiét cho lam mat xac dinh theo cong thirc sau:

9, 3/Q)-
o= (¥ (831)
. PuC ALy

Trong do:

Qmn - Nhiét lugng do khong khi lam mat mang di (J/s)
P« - Khoi luong riéng ctia khong khi (kg/m’);

C, - Ty nhiét dang 4p trung binh ciia khong khi (J/kg.do)

Aty - Chénh I¢ch cua nhié¢t do khong khi lam mat trude va sau khi qua canh
tan nhiét, thuong chon khoang 25 + 50 °C

Chon quat:

Chon quat theo luong khong khi can thiét va sirc can khi dong ma quat can khéc
phuc.

Strc can toan bd cua hé théng 1am mat bang gié duoc xac dinh theo cong thirc
sau:

H,= AHy, + AHg, + AH,, N/m’
Trong do:
AHy, - Stic can khong khi khi di qua phién tan nhiét ¢ than xilanh (N/m?)
AHg, - Strc can khong khi khi di qua phién tan nhiét ¢ nép xilanh (N/m?)
AH,, -Ton that khi dong 16i ra ctia khong khi khi dua qua cac ranh (N/m?).

Thong thuong tong strc can Hy doi véi cac dong co lam mat bang gié ndm trong
pham vi sau:

Déi v6i loai dong co ¢6 dudng kinh xilanh D < 100 mm:
H, =750 + 1000 N/m’
Pbi véi dong co c6 D > 100 mm:
H, = 1500 + 2000 N/m’
Cong suit tiéu thu cho quat gi6 c6 thé tinh theo cong thirc:
Hp—Qkkl
1,

Ng = 0°; kW (8-32)

Trong do:

Nq - Hiéu suét cua quat co thé chon Mg =0,4+0,5.
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Thong thuong d6i voi dong co xang:
N, = (0,04 + 0,15)N,
Déi voi dong co diéden:

N = (0,03 + 0,08)N,.

8-13
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Chuong 9
Tinh toan hé thong béi tron

9.1. Tinh toan 6 trwot:

Khi tinh 6 truot (thiét ké dong co moi hodc kiém nghiém dong co da co) thuong
can clr vao két [qua tinh toan ¢ phan tinh toan dong luc hoc xac dinh luc tac dung trén
cac 6 truc (0 dau to thanh truyen va 6 truc khuyu). Két qua tinh toan sirc bén cua truc
khuyu va két qua cua viéc thiét ké bd tri chung, ta da xac dinh duogc kich thudc: chiéu
dai 1 va dudng kinh d cua 6 tryc.

Hoan toan c6 thé kiém nghiém 6 truot mot cach gan dung theo ap suit trung
binh kg, ap sult cuc dai kya, va hé sb va dap nhu da trinh bay ¢ mot sb cong thuc
trong gido trinh tinh toan va thiét ké dong co. Tuy nhién, cac phép tinh kiém nghiém

theo ktb va k. chi la gan dung Ngoai vi¢c tinh toan kiém nghiém dé so sanh kg, Ky
con can phai tinh toan boi tron 6 truot theo 1y thuyét thuy dong.

9.1.1. Cac théng sb co’ ban cua 6 trwot:
D, d - Puong kinh 6,

truc.
A - Khe ho 6 truc A =
D-d.
0 - Khe ho ban kinh,
= A/2. o
9 Ko A / = £y
y - Khe ho twong doi, \.1" 15. 0%
£ < 3.0.10°
v =A/d=d/r. (R
I/d - Chiéu dai tuong " 10.6.70
dbi 6 truc. Hinh 9.1 So db 6 trugt boi tron thuy dong

e - Khoang léch tam
cua truc va 0 khi boi tron ma sat uot.

y - Do 1éch tam tuong ddi, y = e/d.

©1, 9, - Goc tuong g véi véi diém bat dau va két thuc chiu tai ciia mang dau.
Nimin, Nimax - Chiéu day nho nhat va 16n nhat cia mang dau, hyi, =& - ¢

9.1.2. Xac dinh ap suét tiép xuic bé mat truc:

Khi tinh toan 6 trugt ta da c6 cac thong sb:

- Chiéu dai 6 trugt 1,

- BPuong kinh tryc d,

Két qua tinh toadn dong luc hoc cho phu tai trung binh Qg va phu tai trung binh
vung phu tai 16n Q’y, cac h¢ so kg, va k', xac dinh theo cong thirc:
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_Q,

k, , dung dé xac dinh nhiét do trung binh mang dau.
1.d

ku Q'tb

b= , dung dé xac dinh chiéu day nho nhat cia mang dau.
l.d

-G (.
Kee 7 g R AT
N |
\
1 A \k I£§
WA
SN
NN
NN
§ N
3 AN
130 360 540 C 720 ot°

Hinh 9.2 Db thi phu tai tac dung 1én dau to thanh truyén

Chon 4p sudt bdi tron va nhiét do cta dau vao 6 truot:

Nhiét do dau vao 6 truot co thé chon trong pham vi: 70 <+ 75 oC.
Ap suét boi tron co thé lya chon:

- Bong co xang pp=0,2+0,4 MN/mZ;

- Pong co diéden toc do trung binh  p, = 0,2 + 0,8 MN/m?;

- Bong co diéden tde do cao, cuong hod p, = 0,6 + 0,9 MN/mz;
Lua chon loai ddu nhon:

Thudng chon theo nhitng dong co cing loai, cung c& cong suit. Tur day xac
dinh so bd do nhét dung dé tinh todn 6 truot.

Xac dinh hé s6 phu tai:
k (AY 4 A1 r. o aX 2
db=— 1 107" d- (cm); A - (um); p - B nhét cua dau (KG.s/m”).
Ho

Sau khi ¢6 h¢ s6 phu tai ¢, qua do thi 9-3 xac dinh y theo ty s6 I/d. Ap suét tiép
xuc k tinh theo 4p suat trung binh ky,.

- Khe hé A ta ¢6 thé chon mot cach so bd: Vi duong kinh tryc tir 50 + 100 mm
c6 the chon theo cong thirc kinh nghiém sau:

- Dbi voi 6 truc dung hop kim babit A =0,5.10"d
- Pbi vé6i 6 truc dung hop kim dong chi A = (0,7 + 1,0) .10°d
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9.1.3. Kiém nghiém trang thai nhiét 6 trwot:

Xac dinh nhiét d¢ cia mang

dau boi tron dua trén phuong trinh P I
can bang nhiét, nhdm xac dinh 2 ‘
, , cnl aA s A ) 1,0
chinh xac nhi¢t d§ lam viéc mang I
dau, dé xac dinh do nhét cua dau. . I 2 7 :
i .2 09 .2
Nhiét luong Qs do ma sat 6 < o e
A ~ A S I 2
truc gay ra s€ can bang voi luong 5 i ! _
nhiét do dau nhon dem di khoi 0 " I
truc (Qqm) va lugng nhiét do o truc L & 12 [
truyén cho moi chat chung quanh . i
(Qtn) e ‘ / ) I )
/ 3
Qms = Qdm + Qtn (9'1) /{/// // £ i ‘/// o
“* N Y/ o
2 6
Nhiét luong do 6 truc phat 7 e
ra: a4 %% E1V¥] /,{4‘/( L)
’ Z // 7;‘0.4 éﬁ/ a4
1 —/’,{.__ =03 b =483
Qms= —-L,, keal/s 92 a4+ T I — <4
427 X 4 & a§7  aw 2% x
a) b)
Trong d6: L, cong ma Hinh 9.3 Quan h¢ bién thién ctia ham s6 x=f(¢)
sat cua 6 truc: L .=F vq: a, Poi vai loai ¢6 d6 1éch tam twong doi trung binh.
ST T ms 0> h DAi vhi laai rA AA 1ch tAm hirna AT 14n
F -luc masat (kG): F=fP )
=f.Qu (f-hé so ma sat); P_,{'
X ., 6 =
Vo - van toc vong ngoai cua 4 N N \
truc (m/s); - f 52 \
q & \\ \\ \ N
Tan , x
Vo = (m/s)(d - tinh  [OCNCNCEKRS WA
60000 o N TV \
YY NN R -
T™n ” = R
theo mm). ®=——~(rad/s AAVIRAC S B WA
) 30 (rad/s) B Aﬁq\a\‘& TINTR TRN LN
3 "‘\‘\ \\ \\ - g( N
e , VNN N - s
Khi d6 Q,, dugc tinh: HERNASNNEANENENEN
RPN I I I s N N < ] "~
P ) 6 —= S \\\ S L -..._"‘\_‘:::\‘\\\ \‘
Qus = 1,17.107 kypdlof  (9-2) ] SN e RO R
. , 4 - ) 9 N
Hé sO0 ma sat f co6 thé xac ESSS ", ]
dll’lh thCO quan hé sau: 2&2 g3 a4 Cj) aé ar X a7e g8 ﬁasb) &390 094 X
a,
Fo é _ 93 Hinh 9.4. Bién thién cua hé s6 B theo y va I/d.
=pB. d =Bv (9-3) a, Doi v6i loai c6 do 1éch tm tuong doi trung binh.

b, Bbi v6i loai ¢6 do 1éch tim tuong ddi 1on.
Trong d6 : B - hé s6 bd sung,
phu thudc vao do léch turong dbi y va ty s6 1/d. Quan hé bién thién cua B theo y va I/d
gidi thiu trén hinh (9-4).
Hinh (9.4) cho thay do chénh léch tuong ddi  va ty s 1/d cang 16n thi hé sé B
cang giam.

Nhiét luong do dau nhon mang di khoi b truc:
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Q 4m=Can V'p. 107 (t- t,);  (kcal/kg’C);
Trong do:

chir ).
. N 0 ' 65"“” 'b"hbﬂ
Cgn - Ty nhiét ctia dau nhon, (kcal/kg’c); N &3
V’- Luu luong dau nhon di qua 6 truc
(cm’/s)
p - Khéi lugng riéng cua dau (kg/l); ' |
. 27
tovat, - Nhiét d cua dau nhon khi di ra \) RS o™
khoi 6 truc va khi vao 6 truc (°C). 7
Mat do cta diu nhon & 20°C co thé liy e
bang 0,9 =+ 0,92. Ty nhiét c¢6 thé chon trong pham b4
vi 0,45 + 0,50 kcal/ kg’C. Gpre ’/’ ~k
Khi nhiét d¢ tang lén, do nhdét giam theo A y
nhung ty nhiét lai tang 1én.Trong pham vi lam ”__ A 1A VY
viée cua 6 truc, co thé coi quan hé ting g1am cua PN / wA I/ / (/]
chung 1a tuyén tinh va do do tich cq4, p c6 thé coi / /f 7/
nhu khong thay doi. Tri s6 cia n6 thuong vao 52 Wi—¥ 1]
khoang 0,43-+-0,45. ,\y// APN
. 48 v
q Luu lugng ctia dau nhon chay qua khe hé // AR
0 truc V’ ¢o thé xac dinh nhu sau: bt o Y
V= V,1+ V’z (9-4) 40 o / /
Trong do: ' "%/‘/f A
T ‘ s A
V’; - Luu luogng dau nhon chdy qua ving
chiu tai trong S T T e TR X

V’,- Luu lugng dau nhon chay qua ving Hinh 9.5.

khong chiu tai trong. Quan hé bién thién cua ham = F(y, 1/d)
Luu lwong dau V’; x4c dinh nhu sau:
A% 1=§d20)A; (cm’/s) (9-5)
Trong do:

£ - hé s6 phu thudc vao d6 léch tam twong ddi va ty sé 1/d. Quan hé bién thién
cua chuing gidi thi¢u trén hinh 9.5.

d - Puong kinh truc (cm);

o - Van toc goc (1/s);

A- Khe hé 6 truc (um).

Luu lugng dau nhon chay qua viing khong chiu tai trong xac dinh nhu sau:
Aa'p,dA?

Vv, =
Ipe

(cm’/s) (9-6)

Trong do:
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Pp - ap suat bom dau (kG/cm’);
1 va d -Chiéu dai va duong kinh 6 truc (cm).
i - D6 nhét cua dau nhon (kG.s/m?).
A- Khe hé 6 tryc (pm).
A - Hé sb lién quan dén su phan vung chiu tai cia b truc;

o‘- Hé s0 lién quan dén sy phan vung chiu tai cta 6 truc va do 1éch tam tuong

Khi viing khong chiu tai 1a 240°:

A=28,73.10"";

o = 140,62y + 0,1285y%> +0.0088y° (9-7)
Khi viing khong chiu tai 1a 230°:

A=18,35.107"7

o =1+ 0,574y + 0,11y* + 0,007 (9-8)
Nhiét luong Qy, do b truot truyén cho mdi chat chung quanh:
Theo thuc nghiém Q,, thuong chiém khoang (0,10 + 0,15) Qus.
Do d6 ¢6 thé coi : Qu = (0,10 + 0,15 )

Q- i ) i Qms
bé tang h¢ so an toan cho 6 truot, nguodi Q g
ta co thé coi Q, =0.

Khi giai bang d6 thi, ta thuong chon trudc Qi @ ~
3 gié tri nhiét do lam viéc ciia mang dau trong 6 I T
truc.

Y
\

G mdi nhiét do nay ta tién hanh xéc dinh ~ S&z_—
cac glé tl'i cua Qms; Qdma Qtn 1

Hinh 9.6 Quan hé nhiét l}rqng Q v6i nhiét do
trung binh 0 trugt

I
1]
I
LR
1)

Xay dung céc do thi bieu dién quan hé
cua Qus, Qdm, Qm vao nhiét do lam viéc cua
mang dau.

Hoanh d6 giao diém cua duong cong Qs va Qgm, Qn € 1a nhiét do 1am viée cua
mang dau.

Néu két qua xéc dinh trén dd thi nhiét d§ trung binh cua mang dau vuot qua
110°C thi phai luya chon lai khe hé 6 truc va loai dau béi tron rdi tinh lai.

9.1.4. Xac dinh chiéu day mang dau:

Xac dinh hé s6 phu tai tng voi phu tai trung binh cuc dai.

2
b= L(%j 107 d- (cm); A - (um); p - PO nhét ctia dau (KG.s/m®).
Lo
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Sau khi c6 hé s6 phy tai ¢, qua do thi hinh 9.3 x4c dinh y theo ty s6 I/d. Ap suét
0 day duogc tinh theo ap suat k.

Tinh khe hé nhé nhét cua mang dau:

mm 6(I'X)
DPéi voi dong co 6 to6 may kéo h;;= 0.005 + 0.006 mm.
Hé s6 an toan dé bao dam diéu kién ma sat uét:

H =t s

minth
Trong d6:  hpin - Chiéu day t61 han cia mang dau
hiin = hy +hy + A
Trong do: hl, h2-DJ nhép nhé bé mat truc va 6 (bac 16t).
A - Sai s6 cong nghé gia cong.

Déi voi dong co 6 t6 may kéo hyins = 0,003 =+ 0,004 mm

9.2. Lwu lwoeng dau béi tron va lwu lwong cia bom

dau:

Luong dau boi tron va 1am mat 6 truc phy thude s6 6 truc va tong dién tich ma
sat. Co the xac dinh lugng dau nhon qua 6 tryc bang phuong phap tinh toan nhiét cua )
truot, roi tong hop lai dé tim luu lugng dau nhon can cung cap cho cac mat ma sat cia
dong co.

Thuc nghiém cho thiy nhiét luong do dau dem di Q, thudng chiém khoang 1,5
+2% tong nhiét luong do nhién liéu chay trong xylanh sinh ra. Vi vay c6 thé xac dinh
Qg nhu sau:

Q4 =1(0,015 + 0,020) Q.. kcal/h
Nhiét do nhién li¢u chdy sinh ra trong mot gio xac dinh theo phuong trinh sau:
Q=632 N./ne. kcal/h

Trong d6 : 1. - Hiéu suét c6 ich cua dong co ddt trong: M. = 0,25 + 0,35;

Do do:

(0.015+0.02)

Q=" 0252039

32.N, (9-9)

Trong nhitng dong co dung dau nhon dé phun 1én lam mat dinh pittong, c6 thé
chon Qg= (100 + 110) N..

Tir d6 c6 thé tinh luu lugng can thiét ciia dau bodi tron cung cap cho cac mit ma

sat:

Qd
V,=—<4 - (1/h 9-10
d pCd ta ( ) ( )
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Trong d6 :
p- Khéi luong riéng dau nhon; p ~ 0,85kg/1.
Cg4- Ty nhiét cua ddu nhon.

C4=0,5 keal/kg’C

At=10+15°C;
Thay (9-9) vao (9-10) ta c6 :

Va=(7+10)N,, 1/h (9-11)
Néu lam mét dinh

Vi=20+15)N,, I/h (9-12)

i Mubdn du luong dau néi trén, bom dé‘}u thudng phai ting luu lugng 16n gip vai
lan. Do d6 luu lugng V’, cia bom dau c6 thé xac dinh theo (9-13).

Vy=(2+3,5 Vg I/h (9-13)
Déi véi dong co xang:

V= (14+20) N, . l/h (9-14)
Déi voi dong co diéden :

V’y=(20 + 40)N; 1/h (9-15)

Trong hé théng c@cte kho, luu lugng cta cidc bom hut Vi, thuong chon 16n hon
luu lugng cua cac bom day Vig:

Vi = (2+2,5)Viq (9-16)
Néu xét dén hiéu suit ctia bom, luu luong 1y thuyét cia bom dau xac dinh theo
cong thure sau day:
/
v, = b (9-17)
Ty
Trong do:
My - Hiéu suit cung cap cua bom dau:
Bom béanh rang n, =0,7 + 0,8
Bom phién truot n, = 0,8 + 0,9

Can ctr vao cac thong s6 kich thuéc cua banh rang bom dau, c6 thé xac dinh V,
theo cong thure sau day:

V=1 doh bn,60.10°; 1/h (9-18)
Trong do :

do - Puong kinh vong chia banh rang bom dau (mm);

h - Chiéu cao cta ring (mm);

ny - S6 vong quay cua bom dau (vg/ph);
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Dbi v6i bom phién truot :

Vy=0,12Fbn,.10% 1/h (9-19)
Trong d6 : F - Dién tich chtra dau ctia bom (mm?);

b - Chiéu dai cua phién trugt (mm);
n, - S6 vong quay ctia bom phién trugt (vg/ph).

(A ;
06 bt 42 75+ §5°C
100 - 1701 ¥ Ta—t~tor|
0.5 - ° Tl
LS "3 —
0 20-25° b
= 005 0,75 025 035 Q45 Sy mm
a)
7b - ! t 7 )
a6 s e = .5'-&95:‘
0.5 - | 190-90 T¥ S Bt
04 20-25°
03 . '
9o5 415 @25 035 045 Se mm
b
(f . ) % |
0.9 L[ | ] a9l 200009/ ph
== zonvglph | AT ]
07 LT 1 1o Y
p 6 =80 1200091 Ph | oglvio=4KG/cm? |120009/pk ™
Y2 3 4 5 kGlem* 20 49 60 gp t..°C
c) Por / d) 8 o
U :
T 44900 - L]
: . [] id: 75-85°
09 L - 0.8 — \1 N
o 57 I | AN 3
’ J0° T 26 $ Y
0;6 T T~ £ 4 N
04 = 20..2“0\, T
0,2

io 08 06 04/9,(9/&,,:0 400 00 7200 fé00 nb,ag/f’&

e) f)

Hinh 9.7. Quan hé ctia hiéu suit bom 1 v6i cac thong sb sir dung cia bom banh ring.

Khi thiét ké bom dau can lva chon kich thude va ty sO truyen sao cho kich
thudc bom nho gon nhat ma vin dam bao luu luong can thiét va téc do vong ctia banh
rang khong vuot qué gidi han quy dinh (thuong khoang 6 + 8 m/s).

Luu lugng ctia bom phu thuéc nhiéu vao hiéu suit cia bom. Nhung hiéu suét
bom M, lai thay d6i theo cac thong sb khe ho hudng kinh sgc khe ho canh s, ap suat
bom ra py,, nhiét do cua dau vao t,, ap suét hat Vao P va vao sd vong quay cua bom
n,. Cac quan hé bién thién ctia 1, voi cac thong sd ké trén gidi thiéu trén hinh (9-7).

Tir hinh 9.7 ta thay khi ting khe hé hudng kinh va khe hd canh do hién tuong
lot dau tur khoang dau cao ap vé khoang dau ap suat thap kha tram trong nén hi¢u suat
bom dau giam sut rat nhanh hinh 9.7 a,b khi bom lam vi¢c ¢ cac toc dd khac nhau, néu
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ap suét ctua dudng dau chinh cang 16n hiéu suit bom cang giam. D6 1a do hau qua cia
hién tuong lot dau hinh 9.7c. Nhiét d6 cta dau vao anh hudng t6i dén hiéu suat bom
nhu hinh d. khi dau nhon c6 nhiét do vao khoang 60°C toc do cao (2000vg/ph) hi¢u
suat bom dat tri s6 cao nhit, nhung sau dé lai giam. D6 1a do khi nhiét d6 cua diu
nhon con thap hon 60°C, d6 nhét cia diu 16n nén kho dién dy khe ho glua cac rang
ctia banh riang bom dau. Trong pham vi tur 20 + 60°C, d6 nhét giam, dau dé dién day
khoang bom nén hi¢u suat tang dan. Sau 60 C, d6 nhét ctia dau giam nhiéu nén dau dé
lot vé khoang ap suét thap, vi vay hiéu suat bom bi giam.

. O tbc do thap 1200vg/ph do anh hudng lot dau 1a chinh nén hiéu suit bom giam
dan khi nhiét do tang 1én.

Cong suat dan dong bom dau nhon c6 thé tinh theo cong thirc sau:

1 1
Ny= —V, - —; alu 9-20
b " w(Pe —Pay) 27000 (ma luc) ( )

Trong d6 :

Nm - Hiéu sut co gidi ciia bom dau nhon. Khi xét dén ton tht ma sat va
ton that thuy dong: n,= 0,85 + 0,9.

V,, - Luu luong 1y thuyét cia bom déu, 1/h;
Py va Py, - Ap suét dau ra va ap suit diu vao bom (kG/cm?).

9.3. Tinh toan bau loc tham.

9.3.1. Bau loc tham dung 16i loc kim loai:

Tinh toan kha nang loc‘ cua loqi bau 195: d}‘mg 161 loc kim loai chu yéu la xac
dinh kha nang thong qua cua bau loc bang hé so tiét dién thong qua k.

o %
k., =——o/1——"—|; (9-21
“ 5+s( 360) ©-21)

Trong do;
d - Khe hé loc (mm);

- Chiéu day cua phién loc (mm);

@ - Goc chiém chd phién gat (d0).

Hé s6 tiét dién thong qua cia céac
loai lgc tham thuong vao khoang 0,28 +
0,32.

Tiét dién thong qua Fy, cua 161 loc
xac dinh theo cong thirc sau:

V,

Fq = 6—b.102; cm’

\

(9d22) Hinh 9.8. L&i loc kim loai
Trong do :
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(9.2).
Bang 9.2: Tdc d6 trung binh ctia ddu nhon qua loc
Kiéu loc thim V4, (cm/s)
Loc ludi 2,0+2,5
Loc tém, phién 6=12
Loc dai dinh hinh 918

V}, - luu lugng ctia bom dau (1/ph).

vq - toc do trung binh cua dau nhon qua loc ( cm/s). c6 thé chon V, theo bang

Dién tich loc F cua 161 loc xac dinh theo cong thirc sau :
F=F,/ K, cm’

Chiéu cao cua 161 loc:

F
h=— ; cm;
nd
Trong d6 : d 1a duong kinh trung binh cua 16i loc
dzd1 +d; ; Cm.
2

9.3.2. Bau loc tham dung 16i loc bang da, bang giay

Tinh toan loai bau loc nay rat kho vi thuong khong xac dinh dugc tiét dién duoc
thong qua mdt cach chinh xac. Khi thiét ké nén tham khao kich thudc ctia nhimng loai
loc tinh ctia dong co co cong suat trong dwong. Co thé cin cir vao téng dung tich cong
tac cua dong co dé lua chon so bo kich thude 16i loc theo b lidu théng ké trong bang
9.3.

Béng 9.3: Kich thudc 161 loc

Dung tich cong téc (1) Puong kinh 16i loc (mm) Chiéu cao 15i loc
4 trg 1én 116 204
1,5+4 116 126
dudi 1,5 88 135

Tinh kiém nghiém kha nang loc ciia bau loc thdm theo cong thirc sau dy:

V]ZCF

Trong d6 :

A
—=; Uph;
n

(9-23)

V- Luu lugng dau qua loc (1/ph);
F - Dién tich théng qua 1y thuyét tinh theo cong thirc sau : F=md h;

A,- DO chénh 4p cua dau bau loc (cua ap suat dau vao vara );
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A, =Py - Pyr, kG/em?; thuong co thé chon A=1+1,5 kG/em?,
C - Hé s6 luu thong, 13y theo s6 liéu thyc nghiém:
- Loi loc béng hang soi bong, lua v.v.... C=0,006;
- Loi loc béng len, da, giéy tham C = 0,015;
1 - D6 nhét ctia dau nhon tinh theo poa (p)
9.4. Tinh toan bau loc ly tam:

9.4.1. Xac dinh s6 vong quay cua réto.

Can ctr vao dinh 1y xung luong, phan luc trén duong tdm 16 phun khién réto
quay, xac dinh theo cong thuc sau:

_m pV,( V, mnR
F=(y, v, 2P0 MRy 9-24
VeV S (Zsf 30 ©-24)

Trong do:

m - Khdi lwong dau nhon phun qua mét 16 phun trong mét gidy (kg/s) :

vq - Toc @6 cua tia diu phun ra khoi 16 phun; (m/s)

v; - Toc d6 vong cua tAm 15 phun; (m/s)

V= V/2 - Luu luong cta ddu qua mot 16 phun trong mot gidy; (m’/s)

V- Luu lugng dau qua hai 15 phun thuong bang 20 % V4 luu luong dau trong

hé thong.

¢-He s0 co dong cua dau nhon chay qua tiét dién 16 phun & phu thudce vao hinh
dang cua 16 phun.

Y 2 3 4
73 ‘ - 73% J—r
' | T S
VA ZiZ AR
@2 l

Hinh 9.9. Céc dang voi phun thudng dung trong bau loc ly tAm

Bang (9.4) gioi thiéu hé sd co dong € va hé s luu lugng 1, cua dong dau qua
vOi phun cua bon loai 10 phun (Hinh 9.9).

Bang 9.4: H¢ s0 € va p; cua cac loai voi phun
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loai voi phun € Ly

1 0,9 0,80
2 1,0 0,83
3 1,0 0,78
4 1,0 0,86

Dang 1 12 loai duoc dung phd bién nhét vi rat dé gia cong.
f- Dién tich tiét dién 16 phun: (m?)
n- S6 vong quay cua roto trong mot phut: (v/ph)
R- Khoang cach tir tim voi phun dén tim truc roto; (m)
p- Khéi luong riéng cua dau thuong lay bang 850 kg/m’.
Momen dan dong roto M, do hai tia phun sinh ra bang:
M, = 2FR (N.m); (9-24)

Trong trang thai lam viéc 6n dinh, momen quay réto My dugc can bang boi
momen can cua réto M..

Momen can M, c¢6 thé xac dinh theo cong thirc gan dung sau :
M. =a+bn; (N.m) (9-25)
Trong do : a,b 1a hé s6 thue nghiém.

Céc bau loc ly tam hién dai, néu do nhdt cua diu nhon nam trong pham vi 15 +
100cP (xang ti poa) thi c6 thé xac dinh h¢ s a va b theo céc bicu thue sau:

a=6.10"Qp; hodc gan dung a=(5+20)10" N.m
b = (0,03 +0,0021).107°Q hodc gan dung b = (0.03+0.1)10* (N.m/vg/ph)
Trong do :

Q- Dung tich cua roto (cm’);

i - DO nhét dong lyc hoc cua dau nhon (cP).

Twr phuong trinh (9-24) va (9-25) tarutra :
V,’R

b+
30

(v/ph) (9-26)

Tir cong thic trén cho thdy rang ting s6 voi phun 1én, sb vong quay cua roto
khong tang ma lai gidm. Do d6 c6 thé dam bao tinh can bang cua roto, thuong nguoi ta
chi dung 2 voi phun.
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9.4.2. Xac dinh ap suéat dau trwérc khi vao loc:

Bé qua luong glﬁu 10 ri qua khe ho lap ghép gitra roto va truc roto (theo s lidu
thuc nghiém, lugng dau nay chi chiém khoang 2% lugng dau phun qua 16 phun).

Luu lugng dau nhon phun ra khoi hai 16 phun c6 thé xac dinh bang phuong

trinh sau day:
2
V=2ouf 22 mis) (9-27)
p

Trong do :
i - Hé sb luu lwong cua dong dau qua 16 phun = 0,78 - 0,86
p - Khéi lwong riéng cua dau ; (kg/m’)
p - Ap suét cta dau trude 16 phun (kG/cm?).

p=pi(l-y)+ "[ j(RZ—r) N/ 9-28)

30
Trong d6 :

p1 - Ap suit cua dau trude khi vao loc (kG/ecm?)
1o - Ban kinh truc réto (m)

v - Heé s6 ton that luu dong cia dau tir khi dau vao réto dén khi ti miéng 16
phun.

Dbi v6i bau loc ly tim khong toan phan y = 0,1 = 0,3. Bdi voi bau loc ly tim
toan phan y =0,2 + 0,5.

Tir cic phuong trinh trén ta rat ra ap suat can thiét ciia dau vao bau loc ly tim:

2
{vz —4@3) (R* —roz)uffz}p

- kg/cm® 9-29

Pé x4c dinh tri s6 t6i uu cua ban kinh roto R, dao ham phuong trinh (9-26) theo
R va cho dao ham dn/dR = 0 ta rut ra:

2aef
Ry 2382f+\/( l J 300 (9-30)
pV, pV, npV,

Tir phuong trinh trén ta thiy tri s6 tot nhat cua R s& giam khi tang luu luong
dau V va khi giam momen can M, (a va b giam) khlen cho két cu ctia bau loc ly tim
gon nhe. (V - Luu luong dau phun qua 16 phun; m’/s).

9.5. Tinh toan két lam mat dau.
Xac dinh théng sb co ban nhu sau:

Nhiét luong ctia dong co truyén cho dau nhon:
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Qa=cq p Val(te-ty), kcal/h.

Nhiét luong nay cin bang véi nhiét luong do két 1am mat dau tan ra ngoai nén:
Qa=cqp Vi (ta - ta); keal/h;

Trong do :

V4, Vi - Luu lugng dau nhon tuan hoan trong dong co va luu lugng dau chay
qua két lam mat;

tay,t ar - Nhiét do dau vao va ra khoi dong co (OC);

tavks tark - Nhiét do vao va ra khoi két 1am mat dau (°C);
cq - Ty nhiét ctua dau nhon (kcal/kgOC);

p - Mat d6 cta dau nhon (kg/l).

Trong hé théng boi tron cacte khdé diu nhon duoc lam mat lién tuc nhu trén so
d0 hinh 12 - 3 thi V4= V..

Dién tich tan nhiét can thiét cua két 1am mat dau xac dinh theo cong thirc sau:

Fo=—— 20’ (9-29)

Trong do:

Kq - Hé sb truyén nhiét tong quat gitta dau nhon va moi chat lam mat
(kcal/m*h°C);
tg, t - Nhiét d6 trung binh ctia diu nhon trong két va méi chat lam mat (°C):
ty = tdvk +tdrk . t, = tk _tkv

2 2

Chénh ‘léch nhiét do6 cua dau trong két lam mat thuong chon béng chénh 1éch
nhiét dg cua dau khi vao va khi ra khoi dong co,

Do d6: (ta- ti) = (tar - tay)

0y

bdi véi dong co xang thuong chon : Atq =ty - tgy =10 + 20°C.
Déi v6i dong co didden thuong chon : Aty =20 + 40°C.

Nhiét d6 trung binh ctia dau nhon trong két thuong vao khoang 75 + 85 oC.
Nhiét d6 trung binh cua khong khi quét qua két lam mat dau trong di€u kién lam viée
ning co thé chon bang 45°C.

Hé s6 truyén nhi¢t K4 phu thudc kha nhiéu nhén td truyén nhiét.
D6i v6i loai két lam mat dau ding kiéu 6ng thang va nhén :
K4~ 100 +300; kecal/m*h’C
Dbi voi loai ding 6ng tao dau chay xoay:
Kq~ 700 + 1000; kcal/m*h’C
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9.6. Lwong dau chira trong cacte.

Lugng dau nhon can chia trong cacte V¢ co thé xac dinh theo cong thic kinh
nghiém sau:

Déi véi dong co xing : Ve =(0,06+0,12) N, (I);
Dbi voi dong co Diesel 6 to: Vi=(0,1 +0,15) N, (I);
Dbi voi dong co Diesel may kéo: Vo = (0,2 + 0,45) N, (1);
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