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NGHIEN CUU PHUONG AN CAI TIEN KET CAU
NHAM GIAM TAI TRONG CO, NHIET CUA PiT TONG
PONG CO DIESEL 10D100

Nguyén Vin Dwong'”
Wién Co khi dong luc, Truong Pai hoc Ky thudt Lé Quy Don

Tém tit

Trong qua trinh 1am viéc, pit tdng phai chiu 4p suit va nhiét d6 cao do qua trinh d6t chay
hdn hop khong khi - nhién liéu, vi vy viéc ndng cao do bén pit tong 1a can thiét. P4i tuong
nghién ctru 14 pit tdng cia dong co diesel trung tbc 10D100. Pit tdng nay da dugc cai tién,
tuy nhién, d6 bén cua pit tong van can duoc tiép tuc ning cao nhd cic phuong phap khéac
nhau. Bai bdo tip trung nghién cru ning cao do bén pit tdng bang cach cai tién két cau
pit tong, dong thoi danh gia anh huong cia két cdu pit tong tdi thong s6 cong tac cia dong
co. Két qua phan tich cho thdy, ing sudt va nhiét do tai cac diém khao sat trén pit tong sau
khi cai tién két cAu thap hon dang ké so véi thiét ké ban dau va pit tbng nguyén ban. Tir cac
Kkét qua ung suit va nhiét do thu duoc, déng thoi so sanh véi cac tinh chit co hoc cua vat
lidu, c6 xét toi anh huong ciia nhiét d9, nhan thdy rang pit tong maéi c6 do bén tét hon. Sau
khi cai tién két cau, pit tong giam 4 kg (tir 26 kg xudng 22 kg). Ngoai ra, khi thay doi két
cAu pit tbng sé& thay doi can bang nhiét trong nhom pit tong, nhiét do trung binh bé mit dinh
pit tong co thé thay ddi toi 15°C. Viée giam nhiét d6 dinh pit tdng c6 thé 1am ting stc bén
va do tin cdy cua pit tong, nhung diéu nay s& lam ting lwong nhiét thit thoat tir khi chay
truyén t6i dinh pit tong.

Tir khéa: Pit tong, sirc bén; két cdu; thiét ké; ing sudt; 10D100.

1. Pit van dé

Hang nam, mot sé luong 16n pit tdng bi hu hong va phai thay thé. Cac pit tong bi
hu hong c6 thé do nhiéu nguyén nhan khac nhau, nhung chii yéu lién quan t6i nhiét do
cao va sy tich ty moi [1]. Hu hong do méi co thé xay ra & ca ché do chu ky cao va chu
ky thap va thuong 14 két qua ctia sy két hop giita cac yéu t6 nhu nhiét o, gradient nhiét,
diéu kién tai co hoc, ap suat khi chay va an mon héa hoc [1-7]. Vi viy, viéc ting do tin
cdy va stc bén pit tong 1a diéu can thiét. Pic biét d6i véi cac pit tong dong co diesel
hang ning, nhiét do dinh pit tong c6 thé 1én t&i 800°C [8] va ap suit budng dét 1én t6i
hon 20 MPa [9].

Theo tinh chit co hoc cua vat liéu [10, 11], nhiét do cang cao thi gidi han bén cua
vat li€u cang giam, dac bi¢t ¢ trong dai nhié¢t do cao, gidi han bén cua vat liéu bi suy
giam nghiém trong. Nghién ctru [12] di chi ra ring viéc nang cdp cong sudt dong co
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khién mg suét t6i da tac dung 1én pit tong ting 50% s& dan dén tudi tho cua pit tong
giam 4000 lan. Vi vay, pit tdng can c6 két cdu dam bao ung suat va nhiét do thap khi
van hanh.

Trong cac nghién ctru vé cai thién do tin cdy va do bén cua pit tong [13-19],
phuong phap nang cao d6 bén pit tdng bang cai tién két cau duoc sir dung kha phd bién
[17, 18], bao gdm viéc thay ddi két cdu pit tbng va thay doi phuong phap lam mat pit
t6ng. Vi du nhu thay dbi tir pit tong lién sang pit tdng ghép, hay chuyén tir 1am mat pit
tong bang phuong phéap lam mat dau tuan hoan sang 1am mat bang phun dau.

Ngoai ra, viéc cai tién két cdu pit tdng ciing c6 anh hudng rat dang ké toi thong sb
va hi¢u sudt dong co. Giam khéi lugng pit tong s& lam giam lyc quan tinh chuyén dong
tinh tién cta pit tbng va giam hao phi co hoc trong nhém pit tng-xilanh. Trong cong
trinh [20], Belohub da chi ra rang, khi khdi luong pit tong dong co VAZ-21083 giam
10%, cong suat va mé men xodn tang lan luot 1a 150 + 300 W va 0,25 + 0,5 Nm, tuong
g voi 10 + 20% cdng suat ma sat giira pit tdng-xilanh. Ciing luu ¥ rang, viéc thay doi
két cu pit tong lam thay doi trang thai can bang nhiét trong nhom pit tong, diéu nay co
anh huong tryc tiép dén qua trinh trao d6i nhiét giita pit tong voi moi chét cong tac va
qué trinh chay trong dong co.

Nhu vay, viéc cai tién két cau pit tong thuong voi 2 muc dich chinh, mot 1a giam
nhiét do, tmg sudt pit tong khi van hanh; hai 1a giam khdi lugng pit tong. Pdng thoi,
trong qua trinh cai tién két cau ciing can danh gia cac thong sé cong tac, hidu suat dong
co ddi voi cac két cdu khac nhau cua pit tong dé lwa chon két cau phu hop nhat.

Mot trong nhitng phuong phép phan tich pit tong duoc sir dung phd bién hién nay
la phwong phap phan tir hitu han (Finite Element Method) [14, 17-19], dung dé md
phong mé hinh pit tdng trong cac diéu kién van hanh va thu dugc cac gia tri ing suat,
nhiét do, bién dang véi d6 chinh xac cao. Ngoai ra, viéc st dung phwong phap phan tir
hiru han dé phan tich pit tdng c6 thé tiét kiém thoi gian, chi phi va mang lai tinh chinh
xdc cao, didu nay dic biét quan trong trong giai doan dau cia qua trinh thiét ké
pit tdng [21]. Phan tich nhiét trang thai 6n dinh va cdu tric tinh trong ANSYS c6 thé
cho théy su phan bd ung suit, nhiét do va bién dang sau khi ap dung cac diéu kién bién.
Céc két qua phan tich vé trang thai nhiét, trang thai ing suat-bién dang cua pit tong la
co s& chinh dé danh gia strc bén va do tin cdy cua né.

DPong co 10D100 ¢6 vai tro rat 16n trong van tai dudng sit, ¢i hon 60 nam troi qua
ké tir khi bat dau dugc san xut hang loat va can duoc cai tién mot cach nghiém tlc dé
tang hiéu sut va do tin ciy cta dong co, dic biét 1a nhom pit tdng. Trong [22], tac gia
dd gioi thiéu mot két cau pit tong ghép thay thé cho mau pit tdng nguyén ban.
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Khéi luong cua pit tng méi 1a 26 kg, bang 65% khoi lugng cua pit tong cii (khdi lwong
pit tbng ci 1a 40 kg).

Céc bao cao [20, 22-24] da chi ra dinh hudng nghién ctru tiép theo nhu sau: Cai
tién két cAu pit tdng nham giam nhiét d6 va Gmg sudt co-nhiét trén pit tdng khi van hanh
va giam khoi lwong pit tdng, dong thoi danh gia anh hudng cua két cdu pit tbng tdi cac
thong s cua chu trinh cong tac. Van dé nay duoc giai quyét trong bai bio niy.

Luu ¥ rang, khi giam khi luong pit tong s& anh hudng t6i tinh chat dong Iuc hoc va
can béng dong co, tuy nhién, cac vén dé trén chua dugc xem xét tGi trong bai bao nay.
2. Phuwong phap cii tién két cau pit tong

2.1. So dé nghién civu

Dua vao cac phan tich va dan chimg
dugc néu ra trong phan 1, phuong phap cai
tién két cau pit tdng va danh gia anh hudng

cua cac két cau pit tong khac nhau toi

thong so, hi¢u suat dong co dugc xac dinh

Xay dung PP nghién ciru ‘

nhu Hinh 1. ‘ Xay dung mo hinh pison ‘
Trong do, cong viéc dau tién can thuc o E
s o PR [ 5 || Tinh toan chw trinh nbige | | 8
hién 1a khao sat trang thai img suat va nhiét 1 2
A o PPN N ‘A N =
dd cua pit tong. Cong viéc nay dugc thuc E” Xac dinh diéu kién ‘ S
A s . J . \ , <@
hién tir budc 3 dén budce 7 (Hinh 1). Sau do, ! 4
. . “Q
~ e 5 5 ) ‘A A LN Xac dinh trang thai o
a trén két qua khao sat nhiét d6 va Un .7 A trang thal
dl_l” © et qu oS ¢t do ,u g . nhiét ¢ va tmg suat E%
suat nhan dugc va so sanh véi tinh chat co

hoc cua vét liéu dé dua ra cac phuong 4n cai ‘ So sanh véi muc tiéu dé ra ‘

tién hop 1y (Bude 8 - Hinh 1). Khong

Két chu pit tdng duoc thay ddi trong v fhéa man
buéc 9 (Hinh 1) dua trén két ciu cua pit Két Iugn
téng phién ban dau tién va duoc ky hiéu 1a
“PTM?”, cac phién ban pit tong khi thay d6i
két cau tir pit tong PTM duoc ky hiéu 1a PTo...PTh.

Luu ¥ rang, khi thay ddi két cau pit tong, nhiét do pit tong va tinh chat qué trinh
trao di nhiét gitra pit tdng vi moi trudng xung quanh (khi chay, chat 1am mat, cac chi

Hinh 1. So do cdi tién két cdu pit tong.

tiét...) ciing thay ddi, vi vay can xac dinh lai diéu kién bién trén cac bé mit pit tong
(Budc 5-6). Vong lap cai tién két cau pit tong s& két thiic khi xac dinh duoc két ciu thoa
mén yéu cau dit ra.

38



Tap chi Khoa hoc va Ky thudt — ISSN 1859-0209

2.2. Tinh chit vit ligu

cac dic tinh cua vat liéu duoc thé hién trong bang 1 [10, 11].

Pit tdng ctia dong co 10D100 duoc ché tao tir gang chiu nhiét voi do clng vat liéu
HB = 207-255 [25, 26]. Dé tinh toan, tac gia chon vt liéu 13 gang cau BU60-2 [25, 26] va

Badng 1. Phy thudc tinh chdt co hoc ciia gang cau BY60-2 vao nhiét dé

T Iy Co a, 10° E oB or 0°h (Tm 1°h
K w/m.K J/kg.K 1/K MPa
203 54,5 390 10 180000 600 400
643 46,2 505 11,5 163650 510 307 275 220
699 45,1 510 11,8 160180 5 297 155 115
810 42,4 523 12,25 152410 270 208 45 30
866 41,6 532 12,47 148490 173 151 24 16
923 40,3 568 12,45 142500 99 90 13 8,5

Trong bang 1: T - nhiét d6 [K]; A - hé sb dan nhiét [w/m.K]; C, - nhiét dung riéng

[J/kg.K]; o - hé s gidn né vi nhiét [1/K]; E - md dun dan hdi [MPa] ; s - gii han bén
kéo [MPa]; or - gi6i han chay [MPa]; o - gi6i han bén dai [MPa].

2.3. Céu tgo pit tong

duoc thé hién nhu trén Hinh 2.

a)

1- cdc pit tong;
2 - tam dém trén;

3- miéng lot trén;

4 - bé chot;
5- bac: lot;
6 - chot pit tong;

7 - miéng 16t dudi,

8 - tam dém dudi;
9 - vong ham.

b)
Hinh 2. Két cau pit tdng PTNB (a) va két cau pit tong PTM (b).

1 - dau pit tong;
2 - than pit téng;
3 - bac lot;

4 - ndt ham;
5 - chot pit tong.

Két cau pit tong nguyén ban (PTNB) va pit tong moi phién ban dau tién (PTM)
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DPong co 10D100 1a dong co 2 ky kiéu dbi dinh, cac pit tong dong vai tro 1a cac
van trugt dé déng-mé ctra nap/xa, vi vdy, khi thiét ké pit tong méi, hinh dang co ban
bén ngoai ciia pit tbng nguyén ban dwoc gitr nguyén (Hinh 2), nham giit nguyén hinh
dang budng chdy va qua trinh trao ddi khi cua dong co. Viéc thay dbi két cdu, vat lidu
phan than pit tdng va s6 luong bd phan trong nhom pit tdng 1am cho khdi lwong pit tong
giam tir 40 kg xudng 26 Kkg.

2.4. Xdc dinh diéu kién bién nhiét trén cdc bé mdt pit tong

Nhiém vu dau tién trong qua trinh danh gia
trang thai ing suat nhiét cia pit tong 1a xac dinh
céc diéu kién bién (BC) cho cc bé mit khac nhau

3
ctia pit tong (Hinh 3). Bé x4c dinh diéu kién bién 4
trén cac bé mat pit tong, tic gia bai bao nay sir 5
dung phuong phap dugc cong bd trong cac bao 6
céo [27, 28]. Trong d6, phan mém Matlab va
Ansys Workbench duoc str dung dé mé phong su
tuong tic gitta nhiét d6 bé mit budng ddt tGi
thong s6 chu trinh cong tac cua dong co, va tuong Hinh 3. Cdc bé mdt can xdc dinh

tac nhiét gitra cac cap bé mit trao d6i nhiét trong dieu kién bién nhiét trén pit tong.
nhém pit téng - Xi lanh. Qua d6, xac dinh diéu kién bién trén cac bé mit pit tong.

Bdng 2. Diéu kién bién nhiét trén cdc bé mdt pit tong

STT ngF:ll)tfgl(: r;)gﬁn Pit (gi.:_] '%Al)nm ST‘T ngF:ll;fétrc: rLgﬁn Pit (gs.f_l '%/Il)né’i
bé (PTNB) bé (PTNB)

" ek | TR e | TR ek | T | ek | TK
1 1955 985 1895 982 7 3000 385 3000 355
2 350 656 350 625 8 250 370 250 370
3 25000 435 25000 405 9 1480 353 1200 370
4 17000 405 17000 376 10 425 358 750 370
5 12000 385 12000 360 11 650 373 590 370
6 7000 385 7000 357

Theo két céu pit tng trén Hinh 2, pit tdng nguyén ban duoc lam mat bang dong
dau phun 1én tir dau nho thanh truyén vao khu vuc trung tim, sau d6 dau di ra khoang
1am mét ngoai cung. O khoang 1am mét ngoai cung, pit tong duoc 1am mét bang phuong
phap quén tinh (Hinh 2a). Trong khi d6, pit tdng cai tién hoan toan duoc lam maét bang
dong dau phun 1én tir dau nho thanh truyén (phwong phap phun dau - Hinh 2b).
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Viéc thay d6i phuwong phap 1am mét s& c6 anh hudng nhét dinh t6i hiéu qua 1am mat va
nhiét d6 pit tdng. Van dé nay di duoc tac gia xem xét trong mot bao cao trude day [24],
tac gia da chiung minh rang, ddi v6i thiét ké cai tién (Hinh 2b), diu lam mét ¢ nhiét do
97°C (370 K) cho hiéu qua lam mat tot hon. Vi vay, dbi voi thiét ké pit tdng mdi, tac gia
chon dau 1am mat & 97°C (370 K). Béi véi pit tdng nguyén ban, cac thong sd dugc 1ay
theo dong co nguyén ban [25, 26].

Két qua xac dinh diéu kién bién nhiét trén cac bé mat pit tong nguyén ban (PTNB)
va pit tong cai tién (PTM) theo cac bé mat nhu trén Hinh 3 duge thé hién trong Bang 2.

2.5. Cii tién két cdu pit tong A

Nhu d3 dé cap dén trong phﬁn 2.3, hinh dang

bén ngoai cua pit tong can dugc gilt nguyén, dé bao

toan hinh dang budng chay va qua trinh trao doi khi
clia dong co. Vi vay, khi cai tién két cau pit tong,
chi c¢6 thé thay ddi kich thudc, két cdu bén trong

ctia pit tdng. Cac kich thudc ma tic gia thay doi
trong qua trinh cai tién két cau duoc thé hién trén Hinh 4. Két cdu pit tong PTM.
Hinh 4. Trong qua trinh cai tién két cau pit tong, tac
gia tién hanh thay ddi kich thudc, két ciu pit tdng va so sanh két qua nhiét do, tng suit
giita cac phuong an dé tim ra két cau tdi uu.

M5 hinh pit tong duoc tinh toan & ché do cong suét dinh muc, véi luu lwong nhién
liéu tiéu thu cua dong co 1a 9,91 g/chu trinh, twong duong 505.4 kg/h, tai thoi diém ap
sut cuc dai (P, = 10 MPa) va luc ngang N = 23000 N tac dung 1én than pit tong [21].

3. Két qua va ban luén

3.1. Két qud khdo sdt trang thdi nhigt va trang thdi irng sudt pit tong

Két qua xéac dinh trang thai nhiét va trang thai tmg suat cua cac phuong an thay
d6i két cau pit tong duogc thé hién trong Bang 3, Hinh 5 va Hinh 6.

Bang viéc sir dung két ciu pit tong ghép, khdi lugng cia pit tong PTM so véi pit
tong PTNB da giam duoc 14 kg, tuy nhién, trang thai ing suét va nhiét do trén pit tong
PTM gan nhu khong tot hon so véi pit tong PTNB (xem Bang 3, Hinh 5 va Hinh 6).
Phan tich két cau pit tong PTM, tac gia nhan thdy rang, gan tang ctng “A” (Hinh 4) lam
can tré su luu théng cua dong dau lam mét duge phun 1én tir dau nho thanh truyén, vi

vay, dé giam nhiét d6 pit tong thi gan ting cting nay can dugc loai bo. Tac gia di tién
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hanh loai bé gan ting cimg va ting duong kinh Ry trong pit tdng PTo. Sau khi thay doi két
cau, hiéu qua lam mat pit tong di ting dang ké, cu thé hé sd trao ddi nhiét giira dau lam
mat vd mit trong cua dinh pit tong da ting tr 1200 [W/m2K]; 750 [W/M2K];
590 [W/m?.K] lén 1630 [W/M2.K]; 1050 [W/m%K]; 630 [W/M2K], theo thir tir tai cac bé mat
9, 10, 11 trén Hinh 3. Trang thai nhiét cua pit tdng PTo di giam gan 40 K so véi
pit tbng PTM, trong khi g sudt trén pit tong lai ting 1én dang ké (xem Bang 3). Nhu vay,
van dé giam nhiét do pit tong da co ban duoc giai quyét, cong viée tiép theo 1a cai tién két
cau pit tong tir két cau pit tong PTo dé giam g suét trén pit tdng. Céc kich thudc két cau
duoc thay doi nhu trén Hinh 4. Trong d6, chiéu day cta dinh pit tong (3), ban kinh goc luon
(R1, R2) anh huong téi d6 cimg viing va kha nang tan nhiét cta dinh pit tng; cac kich
thudce (d1, d2) anh hudng ti d6 cing vimg va kha nang tan nhiét cua thanh pit tong.

== 862.45Max
500 ‘
730
760
740
720
700
360.22 Min

Thang do
Hinh 5. Trang thai nhiét cua pit tong PTNB (a), PTM (b), PTs (c).
3 T 7 — _ e - ———

pm 305.31Max

200

170

140

110

a0

50

0.098071 Min

Thang do a) b) c)
Hinh 6. Trang thdi iing sudt cia pit tong PTNB (a), PTM (b), PTs (c).
Két qua phan tich trang thai nhiét va trang thai ing sut ctia cac phuong an cai
tién két cau cho thay, tai khu vuc 1, khu vuc 2 va khu vuc 3 1a cac vi tri xuat hién Gng
sut cao (xem Hinh 6 va Bang 3).
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Bang 3. Két qua xdc dinh nhiét dg va iimg sudt tai cdc diém khdo sat trén pit tong

Khu vuc 1 Khu vuc 2 Khu vuc 3

Phuong | 8, | Ry, | Ry, | di, | da

O, O, o,
an mm|mm|mm|mm|mm| T,K MPa T, K MPa T, K MPa
PTNB 755 211 590 244 480 275

PTM 12 | 10
PTo 12 | 15

15 | 8 | 757 | 201 | 567 | 252 | 455 | 265
15 | 85 | 720 | 242 | 520 | 198 | 430 | 326
PT: 12 | 15 15 | 90 | 720 | 242 | 525 | 188 | 410 | 300
PT: 12 | 8 15 | 80 | 720 | 195 | 540 | 283 | 435 | 250
PT3 17 | 15 | 15 | 10 | 8 | 730 | 217 | 515 | 170 | 425 | 287
PTa 7 10 | 15 | 15 | 85 | 710 | 216 | 530 | 220 | 425 | 250
PTs 7 10 | 10 | 15 | 85 | 710 | 210 | 530 | 264 | 425 | 275
PTs 8 8 10 | 15 | 85 | 730 | 220 | 525 | 235 | 420 | 270

8

8

PT7 12 | 12 | 15 | 85 | 710 | 210 | 535 | 220 | 420 | 270
PTs 10 | 15 | 15 | 85 | 710 | 180 | 530 | 225 | 420 | 230

Trong Bang 3: Khu vuc 1 - khu vuc trung tam dinh pit tong; khu vuc 2 - khu vuc
goc lugn dudi dinh; khu vuc 3 - khu vyc ranh xéc ming khi thir 1 (twong (mg cac diém
T1, T2, T3 trong Hinh 6).

Khi ting chiéu day dinh pit tong (8) tir 12 mm 1én 17 mm, (mg sudt & trung tam
dinh va tai vi tri goc lwon Ry giam tir 242 MPa va 198 MPa xudng 217 MPa va 170 MPa,
tuy nhién, nhiét do tai trung tdm dinh tang tr 720 K 1én 730 K, tai cac vi tri 2 va 3, trng
suat déu giam (xem PTo, PTs trong Bang 3). Nhu vay, viéc ting do day dinh sé& ting do
cimg vitng ctia phan dinh pit tdng, gitp giam Gng suét, tuy nhién nhiét do phan dinh
pit tong s& tang 1én do giam kha nang tan nhiét. Khi giam chiéu day dinh pit tdng xudng
8 mm (pit tdng PTs), két qua phan tich cho thiy, (g suat tai vi tri 1 va vi tri 3 giam tir
242 MPa va 326 MPa & pit tong PTo xuéng 180 MPa va 230 MPa ¢ pit tdng PTs, nhung
g suat tai vi tri 2 ting tir 198 MPa lén 225 MPa. Nhu vay, viéc giam chiéu day dinh
pit tdng s& 1am giam d6 cimg ving cta phan dinh, lam ting tai co hoc 1én goc luon Ry.
Tuy nhién, viéc giam chiéu day dinh lam ting hiéu qua lam mat, diéu nay lam giam
nhiét d¢ dinh pit tdng, 1am giam sy gidn nd nhiét va giam (g suat trén bé mat dinh pit
tong (xem Bang 3, Hinh 5c, Hinh 6¢). Tuong tu, khi giam ban kinh R1, 4§ cing viing
phan dinh s& giam xubng, lam cho tng suét tai khu vic 2 ting 1én tir 198 MPa & pit tong
PTo 1én 283 MPa ¢ pit tong PT> (xem Bang 3).

Theo két qua khao sat trang thai nhiét va trang thai ing suét cta cac phuong an
cai tién két cAu pit tong thi két cdu pit tong PTs tét hon cac phuong an con lai.
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3.2. Pdnh gid két céu méi va so sanh véi pit tong nguyén bdn
Két qua danh gia do bén cua pit tong cai tién va pit tong nguyén ban duoc thé hién
trén Hinh 7. Két qua danh gia anh hudng cia két ciu pit tong t6i thong sb cong tac dong
co dugc thé hién trong Bang 4.
Tu Hinh 7, Bang 3, Bang 1
va trong qud trinh khdo sat

600

trang thai nhiét do, trang thai
mg suit cta cac phuong an

Ung suiit, MPa

thiét ké, két qua cho thiy ung

suat tai hau hét cac diém khao

sat déu thap hon gi6i han bén 0 -

O cua vat héu BqGO-z tal cac 500 600 700 800 T K 900

nhi¢t do tuong Ung. Khi so

Hinh 7. Ddnh gid sikc bén pit tong

e . | T, T, T4, 12° - deng sudt tai cac diém T1, T2 (Hinh 6)
liu gang BY45 va BY20, nhan pit tbng PTs va pit tong PTNB [MPa/; o,
théy réng hau hét c4c diém trén  or, Oox - gIGi han bén kéo tirc thoi, gidi han chay va gici
han bén dai (voi T = 10000 h) cua gang B460-2, [MPa];
L N ) O - 01 han rdo cua gang BU45 [MPa); o w2 - gidi han
dudi gioi han rdo cua gang 5, g gang BY20 [MPal.

BY45 va BY20 véi cac nhiét

d6 twong tmg. Piém T trén pit tong PTNB xuét hién ng sut vuot qua gi6i han bén

sdnh véi gidi han rdo cua vat

pit tong co6 gid tri ng suat nam

dai, tuy nhién van dudi ngudng gidi han chay. Nhu vay, khi so sanh vé&i cac gidi han
bén, ca pit tong PTNB va pit tong PTs déu dam bao do bén can thiét.

So sénh gia tri tng sudt va nhiét do gitta 2 mau pit tdng (PTNB va PTs) ciing nhu
giita cac phuong an thiét ké (Hinh 7, Bang 3), nhan thiy két cdu pit tong PTs co gié tri
g suat va nhiét do thap hon so véi pit tdng PTNB va cac phuong an thiét ké khéc.
Nhu vay, két cdu pit tong PTs co do bén t6t hon.

Sau khi cai tién két cau, khdi luong ctia pit tong PTs bang 22 kg (khong tinh khdi
lwong thanh truyén), giam 4 kg so véi thiét ké ban dau (pit tong PTM - 26 kg).

Két qua danh gia anh huong ciia két cau pit tong t6i thong sb cong tac ctia dong
co cho thiy, khi chuyén tir pit tdng lién (PTNB - Hinh 2a) sang pit tdng ghép, két hop
v6i viée thay dbi phuong phap 1am mat, 1am cho nhiét d6 trung binh bé mat dinh pit
tong giam tir 815 K & pit tdng PTNB xudng 785 K & pit tdng PTs, diéu nay lam giam
sdy nong khi nap, 1am ting luu luong khi nap (tir 4,7643 kg/s 1én 4,7712 kg/s), ting hé
sO nap (tir 0,8189 1én 0,8197), tuy nhién, nhiét d6 bé mit pit tdng giam lam ting luong
nhiét thit thoat qua bé mat dinh pit tong (ting tir 9,2 kW ¢ pit tong PTNB 1én 10,9 kW &
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pit tdng PTs), 1am giam &p sudt chay, nhiét 46 chay, cong suit va hiéu suét chi thi.
Tuy nhién, su thay doi thong s cong tac cua dong co twong dbi nho (xem Bang 4).

Bdng 4. Anh huong cia két cdu pit tong tdi thong sé cong tc ciia dong co

TPa PZ y TZ y Ni ) Gkk y qu
STT i Ny

[K] [MPa] [K] [kW] 1 [ka/s] [kW]
PTNB 815 10,2 1652 2779 0,4659 | 4,7643 0,8189 9,2

PTo 792 10,181 1648 2773 |1 0/4647 | 4,7708 |0,8194 | 105
PTs 798 10,185 1650 2775 0,465 4,7706 | 0,8193 | 10,16
PTs 785 10,168 1647 2772 104643 | 4,7712 | 0,8197 | 10,9

Trong Bang 4: STT tuong tmg véi cac phuong 4n thay doi két cau trong Bang 3;
Tp - nhiét d6 trung binh trén bé mit dinh pit tong [K]; P, - 4p sudt chay tdi da [MPa];
T, - nhiét d6 chay t6i da [K]; Ni - cong suét chi thi [KW]; ni - hiéu suat chi thi;
Gkk - luu luong khong khi [kg/s]; Ny - hé sé nap; Qp - lwong nhiét truyén tir moi chat
cong tac tdi dinh mot pit tong [KW].

4. Két luan

Sau qua trinh cai tién két cau pit tong, khéi luong pit tong tiép tuc giam 4 kg, tuc 1a
pit tdng méi sau khi cai tién két cdu (PTs) c6 khéi lugng 22 kg bang 55% so véi pit tong
nguyén ban (PTNB) va bang 85% so vai thiét ké trudce khi cai tién két cau (PTM).

Két qua phan tich nhiét d6 va ung suét cia cic phuong an cho thiy, két ciu
pit tdng PTs I tot hon cac phuong an con lai. Ngoai ra, pit tong PTs c6 nhiét do thip
hon pit tdng PTNB, nhiét d6 trung binh ciia bé mat dinh cua pit tdng PTs 12 785 K, so
v6i 815 K cua pit tong PTNB. Trang thai timg suét trén pit tong PTs thip hon dang ké tai
hau hét cac diém duogc kiém tra. O tdm dinh pit tbng, tng suat giam 30 MPa (180 MPa &
pit tbng PTg so v4i 211 MPa ¢ pit tong PTNB).

Két qua danh gia strc bén cua pit tdng cho thay ca pit tong PTs va pit tong PTNB
déu dap ung du do bén can thiét. Tuy nhién, pit tdng PTs c6 nhiét do va tng suit thip
hon nén s& c6 strc bén va do tin cdy cao hon.

Khi thay d6i két cdu pit tong s& lam thay ddi nhiét do pit tdng va tinh chat trao d6i
nhiét giita pit tbng véi moi chat cong tac, chat 1am mat va cac chi tiét, qua d6 sé co anh
huong t6i cac thong sb cong tac ciia dong co. Tuy nhién, su thay d6i nay twong ddi nho.

Nhu vay, dua trén cac tiéu chi danh gia vé khdi lwong, trang thai nhiét, trang thai
g suat va su thay ddi thong sb cong tac ciia dong co, két cau pit tong PTs 1a két cau
toi uu.
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STRUCTURAL IMPROVEMENT APPROACHES
TO DECREASE THE MECHANICAL AND THERMAL LOADS
FOR 10D100 DIESEL ENGINE PISTONS

Abstract: During operation, the piston is subjected to high pressure and temperature due
to the combustion of the air-fuel mixture, necessitating improvements in piston durability. This
study focuses on a piston of the 10D100 medium-speed diesel engine. Although the piston has
undergone previous improvements, its durability still requires enhancement through various
methods. This article investigates approaches to improve piston durability by optimizing the
piston structure and evaluating its impact on engine performance. Analysis shows that the stress
and temperature at the survey modes on the piston, following the new design are significantly
lower than both the initial design and the original piston. When comparing these stress and
temperature outcomes against the material's mechanical properties, including temperature
effects, the new piston demonstrates enhanced durability. The redesigned piston also resulted in
a weight reduction from 26 kg to 22 kg. Additionally, modifying the piston structure alters the
heat balance within the piston assembly, with the average temperature of the piston top surface
potentially changing by up to 15°C. Reducing the piston crown temperature can increase the
piston's strength and reliability; however, this also leads to increased heat loss from the
combustion gases to the piston crown.

Keywords: Piston strength; piston structure; piston design; piston stress; 10D100.

Nhdn bai: 17/05/2024; Hoan thién sau phan bién: 22/07/2024,; Duyét dang: 13/08/2024
|

48


https://doi.org/10.1115/1.4063901

