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MO PAU
1. Téng quan vé tinh hinh nghién ciru trong nwéc va ngoai nuwéc
1.1 Ngoai nudcC

Bom thiy (hinh 1) duoc phat minh boi Isaiah Davies [1] va dugc sir dung dé van
chuyén cac chat long c6 d6 nhét cao, chat long pha ran, van chuyén khi (may thoi khi),...

NG 1a thiét bi quan trong dwoc st dung nhiéu trong cac Ra

linh vuc san xuat thyc pham, d6 udng, nganh dugc, hoa
chat, nhiét dién, xt ly chét thai, khai thac dau khi, khai

thac khoang san vv... V&i nhitng diém noi bat nhu: Duy

tri toc d6 dong chay 6n dinh, 1am viéc ém, cho phép

Vao

hoat dong trong diéu kién khdng can boi tron, hiéu suat Hinh 1: Bom thuy
va tudi tho cao. Pic tinh noi bat cua bom thuy chu yéu
do két cau hinh hoc cua rotor bom tao ra.

Trén thé gi6i da co nhiéu cong trinh nghién citu vé bién dang rotor bom:

- Nhém tac gia Y.H. Kang, H.H. Vu, C.H. Hsu [2] da dua ra rotor dang cung tron,
dinh 1a cung tron 16i, day 1a cung tron 16m c6 cung ban kinh (Hinh 2), nham muc dich
tang hiéu suat thé tich.

- Nhém té&c gia C-F Chen, H-Y Chen, Y-H Lin, Z-Y Lin [3] dua ra duong cong
mai trong viéc hinh bién dang rotor, duong cong dwoc hinh thanh trén co s& duong chia
la duong ellipse thay vi 1a cac duong tron nhu cac nghién cuu khac (hinh 3). Bién dang
mai da cai thién dugc kha nang tao cot ap 16n hon cac duong cong thong thuong nhung
viéc ché tao gip nhiéu kho khan.

- P-Y Wang [4] dua ra bién dang rotor hinh thanh tir 5 doan cung cong lién tuc
nham ting thé tich budng chira va kha duy tri khe hé gitra hai rotor.

- Cong ty Donjoy Technology [5] & Trung quéc san xuat bom thity ¢ bién dang

rotor la duong cung tron.



1.2 Trong nwéc

Hién nay, Céac nghién ctu vé bom thuy van dang dugc thuc hién va rét it cong
bd vé nd. Nguon tai liéu vé bom con han ché rat. Mot s6 nhom tac gia ciing da dé cap toi
nghién cttu vé& bom thuy nhu:

- Nhém téc gia Nguyén Hong Thai, Nguyén Thanh Trung [6] dua ra phuong
phap thiét 1ap biéu thirc thiét ké kich thudc hinh hoc ciia bom thuy theo luu luong riéng.
Tuy nhién nghién ctu méi chi dé cap mdi quan hé giita bién dang rotor va luu lugng.

- Trong giao trinh Nguyén Ly May cua tac gia Dinh Gia Tuong, Ta Khanh Lam
[7], chi gigi thidu vé nguyén ly hoat dong ctia bom thily. Chua dé cap tai két cau cu thé va

phuong phap thiét ké rotor bom.

2. Tinh cip thiét caa dé tai

Bom thuy dugc ding rong réi trong nhiéu nganh céng nghiép. Pac biét Ia cac
nganh san xuat san pham lién quan téi sic khoe con ngudi. Nhung hién nay chung ta déu
phai nhap khau tir nuéc ngoai.

Céc loai bom thuy phé bién hién nay st dung bién dang rotor 1a cac duong
cong co ban nén thudng bi gigi han vé cot ap, tiéng on 16n khi 1am viéc voi toe do cao,
lwu lwong qua bom con nhé dan téi hiéu qua l1am viéc chua cao. Do d6 can cai tién bién
dang hinh hoc ciia rotor dé nang cao hiéu qua lam viéc ciia bom.

Trong nudc, nguon tai liéu vé bom thiy rat han ché va rét it cac nghién ctu
tong thé vé nd. Vi vay viéc xay dung co sd dit liéu, tai liéu tinh toan thiét ké bom dé phuc
vu qua trinh nghién ctru sau rong loai bom nay & diéu kién Viét Nam la can thiét.

Két qua cua dé tai 1a co s quan trong dé ché tao bom thuy trong nudc thay thé
viéc nhap khau loai bom nay. Ngoai ra két qua va san pham cua nghién ciu con phuc vy
qua trinh thi nghiém tai phong thi nghiém Co khi Thuay luc ¢ B6 mon Ky thuat co khi,
phuc vu qué qua trinh dao tao Pai hoc, Sau dai hoc nganh co khi & truong Pai hoc Mo
Dia chét.

Dua trén tinh hinh @ng dung cu thé trong nudc, cac nghién ciu trén thé gisi va
& Viét Nam thi viéc chon huéng dé tai “ Nghién ctu cai tién bién dang rotor bom thuy dé

nang cao hiéu suat bom 1a hét sirc can thiét”



3. Muc tiéu cia dé tai
- Xay dung co sé ly thuyét vé tinh toan thiét ké rotor bom thuy;

- Xay dung rotor bom véi bién dang duoc cai tién;

- Ché tao 01 rotor bom thuy kiéu 3 canh phuc vu phong thi nghiém cua Bé6 mon Ky

thuat co khi va phuc vu san xuat thir nghiém;
4. Péi twgng nghién ciu

- Nhitng van dé Iy thuyét vé bom thuy;
- Rotor bom kiéu 3 thily.

5. Pham vi @ng dung
- Nghién ciru cau tao, nguyén Iy 1am viéc cua bom, phuong phéap tao hinh bién

dang rotor bom , nhitng cai tién bién dang rotor nham nang cao hiéu qua lam viéc cua
bom.

- Quy trinh c6ng nghé ché tao va ché tao rotor bom kiéu 3 thuy.

6. Cach tiép can

- Tong hop va phan tich céc két qua nghién ctu trén thé giodi va trong nudc vé bom
thiy; Khao sét thuc té bién dang rotor ciia bom thuy nhap khau tir nudc ngoai dang sir
dung tai mot sé co s¢ san xuat trong nudc; Trén nhu cau thiét bi thi nghiém phuc vu dao
tao nganh May va tu dong thiry khi, nganh Cong nghé ché tao may;

- Két hop su trg gilp cua ngdn ngir lap trinh Matlab dé xay dung mé hinh toan,
cac phan mém hién dai: Ansys, Solidwork, Autocad dé hd tro trong viéc mé phong va toi
uu hoa bién dang rotor bom thuy;

- Gia cong ché tao: Két hop véi co sd san xuat cia Cong ty TNHH may va tu dong
hoa Hién Long dé ché tao thir nghiém va kiém tra bién dang hinh hoc 01 rotor bom theo
thiét ké.

7. Phwong phap nghién ciu
- Phuong phap nghién ctu ly thuyét két hop ké thira cac két qua Iy thuyét trude vé

d6i twong nghién ctu. Két hop md phong, danh gia két qua trén md hinh trén may tinh.
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- Phuong phap thuc nghiém dé danh gia do chinh xac giira mo hinh thiét ké va san
pham thuc té
8. Noi dung nghién ciru

Noi dung 1: Nghién ctu ly thuyét tong quan vé bom thuy, khao sat bién dang
rotor bom & cc co s San Xuat trong nudce st dung loai bom nay.

Noi dung 2: Xay dyng md hinh toan cho bién dang rotor bom duoc cai tién, xay
dung m6 hinh 2D, 3D rotor bom.

Noi dung 3: Xay dung quy trinh thuc hién mé phéng danh gia cac thong sb hinh
hoc co ban cua bom va lwa chon théng sb ti vu cho rotor.

Noi dung 4: Quy trinh cong nghé, gia cong ché tao rotor bom thuy; Panh gia kiém
tra rotor bom ché tao ra;

Noi dung 5: Viét bao cao tong két va béo céo nghiém thu két qua nghién cuu.



CHUONG 1
TONG QUAN VE BOM THUY
1.1 Khai niém chung vé bom thuy
1.1.1 Giéi thiéu vé bom thily, wu diém, nhwoc diém

Bom la mot thiét bi dung dé van chuyén chat long hoac khi tir vi tri nay téi vi tri
khac. Bom da hién hiru tir rat 1au trong cudc séng cua loai ngudi ching ta tir nhitng thiét
bi dang nudc thé so nhu gau muc nudc cO can & giéng, banh xe nudc da xuét hién tur
nhitng ndm truéc céng nguyén, tir thé ky tha II trude cong nguyén, ngudi ta di sang ché
ra bom pit-tong tho so vv... Néi chung truéc thé ky XVII, cac loai may bom rat thé so va
it dwoc nghién ctu. Tir thé ky XVIII tro lai day, linh vuc nghién ciu, thiét ké ché tao may
bom dugc phat trién manh mé va ngay cang hoan thién. Nam 1640 nha vat ly Otto-
Henrich (Ptc) d3 sang ché ra bom pit-tobng hoan thién dau tién. Nhirg nim 1751- 1754
Euler (Thuy Si) da 1ap nén ly thuyét co ban vé bom. Nam 1838 Xablukov (Nga) di sang
ché ra bom ly tim dau tién. V& sau, nhiéu nha bac hoc nhu Joukowski, Chaplygin,
Parétanua da 1ap nén ly thuyét vé dong chay bao quanh hé théng canh dan, hoan chinh ly
thuyét vé bom canh dan. Ngay nay trén thé gigi, nganh ché tao bom da va dang phat trién
vO cling manh m&. Ngudi ta da ché tao dugc cic bom co cong suit téi hang ngan kW va
tbc do quay 1én dén hang ngan vong/phut.

Hién nay, & nuéc ta nganh ché tao bom ciing ngay duoc phét trién. Ching ta c6
nhitng co s& chuyén nghién cau vé bom nhu Vién thiét ké thay loi, thay dién. Vién thiét
ké may cong nghiép va nhiéu co s¢ san xuit bom nhu cong ty Bom Hai Duong, Lién
doanh Bom Ebara giira Viét Nam va Nhat Ban. Nganh ché tao bom 1a mét nganh phirc
tap va rat quan trong trong linh vuc ché tao may. Nhiém vy quan trong caa nganh ché tao
bom nudc ta hién nay 1a théng nhit hoa va dinh hinh héa véi mirc d6 cao nhat cac bom,
xay dung duoc biéu db hé loai bom cua Viét Nam, ma rong danh muc cac loai bom ly
tAm truc ngang, bom hudng truc, bom giéng khoan, va ché tao duoc bom ly tm truc ding
cong suat 16n, bom nuéc thai, bom giéng khoan loai nhung chim, bom dau bom bét gidy
vv... Nguoi ta chia may bom ra lam nhiéu loai dya vao nhiing dic diém nhu: Nguyén 1y

tac dong vao dong nuéc, dang ning lugng lam chay bom, két ciu may bom, muc dich
10



bom, loai chat 16ng cAn bom vv... Trong d6 thuong dung dic diém thi nhat d&é phan loai
bom. Theo dic diém nay, may bom dugc chia lam hai nhom: Bom dong luc va bom thé
tich.

Bom dong luc: Trong budng cong tac cia may bom, chit long dugc nhin ning
luong lién tuc tir canh bom truyén cho né subt tir cira vao dén cura ra cia bom. Loai may
bom nay gém c6 nhitng loai tiéu biéu nhu sau: bom ly tdm, bom huéng truc.

Bom thé tich: Nguyén ly lam viéc cua loai bom nay 1a thay doi ¢ chu ky thé tich
cua budng cdng tac truyén &p luc hat/day chit 16ng. Bom nay c6 nhirng loai tiéu biéu nhu
sau: Bom pit-tong (rotor hudng kinh, rotor hudng truc), bom canh gat, bom béanh rang,
bom thuy vv...

Bom thuy dugc bat dau sir dyung tir nhimg nam 1960 va hién nay da duoc tng dung
kha rong réi trong céng nghiép. Bom thuy 13 thudc dong bom thé tich twong ty nhu bom
banh riang, bom canh gat, né6 dugc dung pho bién trong van chuyén cac chat long c6 do
nhét cao, chat long pha ran, van chuyén bun, van chuyén khi (may théi khi). Hién nay
bom thity duoc ding pho bién trong cac nganh céng nghiép thuc pham, nganh san xuat do
udng, nganh y, nganh san xuat duoc, my pham do né dap ung dugc cac yéu cau vé ky
thuat va yéu cau cao vé an toan stc khoe caa con ngudi. Ngoai ra né con duoc ding kha
phd bién trong cac nganh cong nghiép hoa chat, cong nghiép san xuat gidy, nganh khai
thac dau khi, khi d6t, khai thac khoang san

Hinh 1. 1 M6t s6 loai bom thuy

Uu diém cia bom thuy:
- Phii hop van chuyén véi céc loai chat long va chat khi.
- Duy tri téc d6 dong chay tuong dbi 6n dinh.
11



- Lam viéc ém.
- Do khe hd nho nén it ton that vé luu luong.
- L& loai bom khé, khong can bdi tron.
- Hoat dong don gian, do tin cay cao.
- Hiéu suit cao, lam viéc 6n dinh va tudi tho cao.
Nhuge diém:
- Ap suat chan khong tao ra bi gi6i han.
- Rung dong nhiéu khi chay vaéi toc d6 cao.

- Vat liéu ché tao c6 gia thanh cao
1.1.2 Céu tao va nguyén ly 1am viéc cia bom thiy
1. Cdu tao

Bom thiy duwgc cau tao tir cac bo phan chinh Ia rotor, truc, banh ring than khai, vo
bom (hinh 1.2)

banh rang

Hinh 1. 2 C4u tao bom thuy
Vo6 bom tao khoang lam viéc chra hai rotor. Vo nay phai dam bao kin khit véi
rotor bom. Rotor 14 b phan quan trong nhat noé duoc ché tao tir nhiéu loai vat liéu khac
nhau sao cho phl hop voi yéu cau sir dung. Thong thuong vat liéu lam rotor bom 13 thép
khong gi hoic thép. Hai rotor c6 bién dang giéng nhau. Cip banh ring tru c6 clng thdng
s6 ki thuat duoc dat trong khoang riéng. Chung truyén dong cho hai rotor nham dam bao

khe ho xac dinh giita 2 rotor. Cap banh rang cé ty so truyén 1:1. Cap banh rang nay duoc
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két néi voi hai canh bom thong qua truc din dong. Truc ddn dong gom moét truc chu dong
ndi véi dong co thong qua mot khép ndi. Truc nay duoc gisi han doc truc bing cip 6 diia
con va truyén mémen cho cip banh ring va hai canh bom bang then. Cac b phan chinh
néu trén cling nhu cac bd phan khac cua bom thuy duoc dit trén gia d& va sir dung t6i da
cac chi tiét tiéu chuan dé d& dang thay thé va sua chira.

2. Nguyén ly lam viéc

Hinh 1. 3 Nguyén Iy lam viéc
Trong qua trinh 1am viéc, hai rotor nhan truyén dong truc tiép tir cap banh ring
truyén dong co cuing ti sé truyén. Hai rotor quay nguoc chiéu nhau va luén dam bao khe
ho nho nhat dinh gitra chdng (Hinh 1.3). Vi chiéu quay nhu hinh 1.3 thi cra duéi 1a noi
dong chat long vao c6 ap suat thap. Khi rotor quay, chét long sé dugc day ra cira ra ¢ trén
va 1a dong chat long c6 ap suat cao. Do hai rotor khong tiép xGc nén trong qua trinh lam

viéc cho phép ngay ca khi ching khong duoc boi tron.
1.1.3 Ung dung co ban cia bom thuy

Ngay nay bom thiy dwoc tng dung rong réi trong san xuat céng nghiép va trong
nhiéu linh vyc:

Linh vyc thyc pham né dung dé bom céc loai: mat, sb co la, xi rd, nuéc xot, ca
chua, taluy, mén ham, thit xdc xich, tring, chat béo, gelatin, stp, duong long, mat duong,
mat ong, ddm, bao ton, nudc sdt dau nanh, bo dau phong, sita ong chia, twong 6t, thai
mong thit, dau 6 liu dau, dau co, bot ga, dau dira, dau cé4, nudc sét ca chua, maple syrup,
mut, salad dressing, huong liéu, bot gidy. Bom thiy phi hop tuyét voi cho nhu cdu bom
nhitng luu chat c6 d6 nhét cao. Vat liéu 1am vo va rotor 1a thép khong gi nén dap ung

duoc cac yeu cau vé an toan thuc pham
13



Linh vuc san xuat sita va do uéng. Bom thiy dugc ding dé van chuyén dong sia,
curdled sira, sita chua, vang sita, phd mai, sita dong, bo, bo thuc vat, dau, kem, pho mét
whey, mousse, phd mai kem sira trimg, banh qui bo, bia, regu vang, ruou, Xi rd, nam

men, hém ruou, rugu, nwdc trai cay, rugu bo, chat khoang, tra, nudce, rugu ca phé,..

Hinh 1. 4 Bom thuy trong day chuyén san xuat
Trong c6ng nghiép gidy va héa chat. Bom thuy dung dé van chuyén cac chat long
c6 tinh axit, kiém, xa phong, son, thudc nhuém, son, nhua, dau nhon, dung méi, reou mau

den, keo, cao su, cac loai sap, son, bdt nhao, son mong tay.

Hinh 1. 5 Bom thuy trong xe phun pha Hinh 1. 6 Bom thuy trong hé thdng lam
bon hiru co di déng sach chat thai trong bé du trix
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1.2 Tinh hinh sin xuit bom thuy trong va ngoai nwéc

Tuy tng dung rong rai trong céng nghiép, nhung hién tai loai bom nay van chua
dugc san xuit trong nude. Pé dap ung dugc nhu cau st dung, ching ta van phai nhap
khau. Trén thé giéi mot sé hdng san xuat bom 16n da tién phong trong viéc ché tao loai
bom nay:

1. Wright Flow Technologies (My)

Nam 1977, hai cong ty Johnson Pumps va Evridge Engineering da hop tac cho
ra doi cdng ty chuyén vé san xuit bom thuy 14 Evro Johnson Pumps Ltd. Nam 1983, Evro
Johnson Pumps Ltd chuyén vé dén Eastbourne, East Sussex, UK va & d6 dén tan ngay
nay. Nam 1989 1a mét mdc son quan trong cua Evro Johnson Pumps Ltd véi nhitng
nghién ctru mang ¥ nghia 16n lao cling véi su phat trién chdng mat vé cong nghé ciing
nhu ngudn lyc san xuat va dac biét Evro Johnson Pumps Ltd da ddi tén thanh Johnson
Pump (UK) Ltd. Nam 1992, tap doan IDEX Corporation da mua lai Johnson Pump (UK)
Ltd. Sau khi dwoc mua lai va tai cau tric, Johnson Pump (UK) Ltd duoc d6i tén thanh
Wright Pump, Inc va vao nam 1996 cong ty da chuyén tru sé chinh vé Muskego,
Wisconsin, USA. Sau d6 ngoai san pham chi luc 1a bom Root, cong ty md rong san xuat
kinh doanh sang cé4c loai bom pit-tdng roi tiép tuc phat trién thém céc san pham bom khac
phuc vu cho nganh san xuat thudc, nganh cong nghiép cong nghé sinh hoc ciing nhu vé
sinh moi truong. T nim 2008, coéng ty lai mot 1an nira ddi tén thanh Wright Flow
Technologies va tén nay duoc giit cho dén tan ngay nay. Hién nay, mang lugi phan phoi
va kinh doanh ctia Wright Flow Technologies di duoc mé rong sang nhiéu nudc Vi san
pham chinh 1a bom pit-tdng, bom Root, bom ly tim
2. Ipp Pump Products GmbH (Diic)

Cong ty Ipp Pump Products GmbH la mét trong nhitng cong ty cong nghé hang
dau tai Pac vé cac san pham bom dic biét 1a bom Root. Cong ty cé tru sé chinh tai
Kunz Industriepumpen, Ofenau 63, 25335 Bokholt-Hanredder, Germany. Coéng ty
hoat dong véi ba phuong cham 1a hiéu suat cao, linh hoat, tinh ning vuot troi, day
chinh 1a yéu té can thiét va quan trong nhat dé gitp coéng ty vuot qua ciing nhu

khiang dinh duoc thwong hiéu cia minh trudc nhidu giai doan dai khé khin cia nén
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kinh té Ptc ndi riéng cling nhu thé gidi néi chung. Ipp Pump Products GmbH ludn
nd luc hét minh d& dem dén cho khach hang nhitng san pham tét nhat véi nhing
tinh nang cong nghé vuot troi so véi cac san pham ciing loai. Vi doi ngii nhan vién dugc
dao tao bai ban cung véi kinh nghiém duogc tich liy trong thoi gian dai da giup
lpp Pump Products GmbH khéng chi dwa ra nhitng san phim vuot troi vé ki thuat
ma con hop |i vé gi4 ca. Ciing chinh vi nhung diéu nay ma Ipp Pump Products GmbH
da chiém dugc thi phan 16n & thi truong Chau Au.

3. Viking Pump (My)

Viking Pump dugc san xuat dua trén mot nguyén tiac duy nhat do chinh nha
sang lap cua cdng ty phat minh tir chinh nhitng yéu cau cong viéc thuc té dat ra. Nha
sang lap, nha phat minh d6 chinh 13 Jens Nielsen, mot ngudi Pan Mach di cu dén
Cedar Falls, lowa tir naim 1870. Sau khi dén My ong di thanh 1ap mot mo da va
cling tir van dé rd ri nudc trong chinh mo da cia 6ng ma ong da phat trién loai bom
banh ring in khop ngoai dau tién. Nam 1904, chiéc bom dau tién cua 6ng dugc san
Xuat va phuc vu cong viéc trong chinh mé da cia 6ng. Nam 1911, Nielsen cung voi
nhitng nguoi cong tdc ctia minh da thanh lap cong ty Viking Pump. Cai tén
Viking cua cong ty 1a vi ba trong sé bon ngudi sang lap nén cong ty 13 nguoi Pan
Mach. Va ciing chinh trong nim dau thanh Iap ho di san xuat dugc 50 san pham dau
tién thu vé 2000 USD. DU chi bat dau véi hai cong nhan cing véi nha xuong chi
rong 2400 feetz & con phd nhd Cedar Falls vao nim 1912 dén nim 1976 ho da co
mét khu san xuat véi diy du chic nang rong 405000 feet. Nam 1968, Viking Pump
duoc mua lai boi tap doan Houdaille Corporation. Sau nhiéu thuong vu trao doi
cudi cung vao nam 1989 Viking Pump duoc sat nhap vao tip doan IDEX

Corporation.
1.3 Téng hop cac nghién ciru trong nwéc va qudc té
1.3.1 Trén thé giéi

Trén thé gigi co nhiéu tac gia da nghién ctru vé bién dang rotor ciia bom thuy va da
cong bd két qua nhu
1. Nhom téc gia Ligang Yao , Zhonghe Ye , Jian S. Dai, Haiyi Cai, [2]
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Hinh 1. 7 Bién dang rotor Cycloid — cung tron

Theo nhom téc gia bién dang rotor dugc hinh thanh tir cac duong cong (hinh 1.7).
Puong tron dinh va day (cung ABC va HDE) va phan chuyén tiép gitta 2 cung tron 1a
cung cung Cyloid.

Phuong trinh cac cung cong

Xiga = r 8in 30° — ry sin(p + 30°

Cung dinh lea r sin(f ) 1)
Vica = r €0530% — ry cos(f + 307)

Cung Iom {-T]ce =r +.rr Cos ¢ (1.2)
Yige = Iy S10LY

; Xjey = 2r cosa + r cos(2a + 150°

Cung Cycloid Vley = 2r cosa +r cos(2a : ) 13)

Yiey = 2r sine + r sin(2a + 150%)

Nghién ciu chi ra uu diém cua bién dang rotor Cung tron — Cyloid c6 thé tich
buong chua Ién bién dang rotor kiéu cung tron khoang 12%.
2. Nhom tac gia Y.H. Kang, H.H. Vu, C.H. Hsu, [3]

Nhom téc gia dua ra bién dang rotor két hop tir duong Epicyloid — Cung tron —

Epicycloid
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Hinh 1. 8 Bién dang rotor ECE
Theo nhom téc gia, bién dang rotor bom dugc hinh thanh tir 3 cung cong (hinh
1.8), cung Epicycloid bén suon tréi, phai o1 va o3 va Cung tron dinh o2. V&i phuong trinh

cac cung:

Phuong trinh duong Epicycloid

(r. +r)cosd rcosrp+r9

+ +

R {Xl} P r (1.4)
Y. ro+r
' (r, +r)sin@+rsin-=—¢

r

Phuong trinh Cung tron

R = X,]_[pcost+a (1.5)
Y, psinég

Nhom tac gia sir dung phuong phap dong luc dong chay CFD dé xac dinh cac
thong s6 dong chay qua bom. Két qua mé phong cho thay rotor bién dang hdn hop ECE
(Epicyloid — Circular — Epicycloid ) cho hiéu suat dong chay cao hon so véi rotor bién
dang cung tron, cung Epicyloid, cung hon hop CEC.

3. Nhém tac gia C-F Chen, H-Y Chen, Y-H Lin, Z-Y Lin, [4]

Theo nhom tac gia, duong chia 1a duong Ellipse thay vi 1a cac cung tron nhu céc
nghién ctiru khac. Céc thdng sb cuaa Ellipse 1a tiéu cu C va tam sai e. Puong cong dinh cua
canh bom chu dong sé 1a co s¢ dé sinh ra dwong cong 18m cua canh bom bi dong va

nguoc.
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Hinh 1. 9 Hé toa do xay dung bién dang rotor kiéu elip
Goi p1: 1a ban kinh duwong dinh canh bom chu dong 1, 0i(i=12) : la gbc quay cua 1
diém trén duong cong dinh so véi tdm D1, ri(¢1) l1a ban kinh cia dwong chia, goi
C = ‘OlDl‘

Taco: pf =r’+c’—-2rc, cosd, (1.6)
Bén kinh cong R: ciia mot diém bat ky trén bién dang 16i Si cia canh bom chu
dong la:
C,+pcosé,
R =|—psing, VG : -0di < 01 < Oqi (1.7)
1

Phuong trinh dn khop @ f(6,,¢,) =r,.sin(6, —¢,) —csing,=0
Bén kinh cong R2 ctiia mot diém bat ky trén bién dang 16m S caa rotor bi dong la:
¢,cos(¢; +¢,) + o, €oS (4 + ¢, —6,) — (I, +1,)cosd,

R,=M, MR = Clsin(¢1 +¢2)+p18in(¢1 +¢2 _91) - (rl + rz)Sin¢2 (18)
1

Sau khi xay dung bé mat va thuc nghiém xac dinh hiéu sut 1am viéc cua bom thi
nhom tac gia két luan 1a khi thay doi tiéu cuc c1, thm sai cua Ellipse thi dai ap suét cua
bom s& thay d6i va khi giam c1 thi hiéu suit bom tang.

4. Nhom tac gia P-Y Wang, Z-H Fong and H S Fang [5]
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Hinh 1. 10 Bién dang rotor véi 5 cung tron

Nhom tac gia dua ra bién dang rotor két hop tir 5 cung tron (hinh 1.10). Cac cung
tron ¢ ban kinh va c6 tam khac nhau. Két qua tinh toan cho thay, bién dang rotor hon
hop cho thong sé dong chay qua bom kha cao. Vi ¢ot ap 16n hon bom cing loai ¢ cling

kich thudc, cot ap dat khoang 2,5.10° torr va luu luong dat khoang 1600 lit/phdt.
5. Nhém tac gia G Mimmi and P Pennacchi, [6]

Theo tac gia thi bién dang rotor dugc hinh thanh tir duong than khai két hop véi

duong Epitrochoid. Dinh rotor la doan cung cong cé tdm trung tam rotor.

Ve Y2
® T A @

h
5
Py [
1 3 I
1V OJ 0,
- e T _,j_j L ;{
Fr/ NG Fot\ Xy
by \ o'r [J'-' '1 -
1 N S I
i = o i Xn
L ‘_,—o-" Y .
N
H r.lz o

Hinh 1. 11 Bién dang rotor than khai - Epicloid

Phuong trinh Epitrochoid
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i -T:pil.l{'r’lcp'il.zl = *?'rp COs "gcpil.E — I COS5 24 epil.2

Lepin2ty 77 SR L, (1.10)

_,.":pi.l,l{' epil .2 ) = —<Fp Sl "}:pi],l + F. SN 2‘}‘n:r.til.l
Phuong trinh than khai
w12 (s 2) = Tip COS o Finya.2 SN 9
r ) Xinv1,2(Finv1,2) = Tp €COS Py 2 + FpKinyr,2 SIN Fipnyy > (1.11)
invl, 2" . .

:"1i.]'|1"1.1{|r invl.2 ) =TIy SIN ‘?invl.l —Th "?im-'l.l Cos "?invl.z

Ngoai cac nhom tac gia dién hinh trén, con rat nhiéu nhém tac gia [6-10] da dua ra
phuong phéap xdy dung bién dang rotor nhung déu duya trén cac nguyén 1y co ban nhu cac
nhém tac gia trén.

1.3.2 Cac nghién ciru trong nuwéc

Hién nay, trong nudc rat it cac tai liéu nghién ctru vé bom thuy nén ciing it nhiing
cong bb khoa hoc vé nd. Chi yéu 1a cac cong ty thwong mai cung cap cac tai lidéu hudéng
dan st dung loai bom nay. Gan ddy, nhom nghién cu cia Pham Hoéng Thai, Nguyén
Thanh Trung [7] dua ra phuong phap thiét ké bién dang rotor bom theo luu luong riéng

va dua ra mot sb loai bién dang rotor nhu hinh 1.12

a)

Hinh 1. 12 Céc loai rotor véi bién dang ho cycloid
Theo nhom téc gia, bién dang rotor dugc hinh thanh tir duong cong Epicloit va
Hypocycloid véi cac phuong trinh:

Dinh rotor 1a duong Epicloid voi phuong trinh

X, ==r um[[ R +r]¢l]+{ﬂ +r)cos@
r

Y. = -rsin((ﬂ}d:l} +(R+r)sing
r

(1.12)
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Chan rotor la duong hypocycloid véi phuong trinh

X, = :‘uus[(ﬁ-r]ﬂ'}+(ﬂ —r)cose
r
Vi = —ﬂ;in[{ﬁ _r]w]+{}f —r)sin g
r

1.4 Két luan chuwong 1

(1.13)

Noi dung chuong 1 d tong quan vé lich st phat trién, nhimg dic diém cau tao,
nguyén Iy lam viéc va ing dung cta bom thuy.
Noi dung caa chuong dé cap téi nhitng nghién ciu dién hinh trong nudc va ngoai

nudc vé bom thuy
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CHUONG 2
THIET KE BIEN DANG HINH HQC ROTOR BOM THUY
2.1 Bong hoc tao hinh bién dang rotor

Uu diém ndi bat cia bom thiy duoc hinh thanh dua trén dic diém bién dang rotor
bom. Bién dang rotor cung véi vo bom hinh thanh budng chtra, dam bao khe ho dé duy tri
cot &p va théng sé bom. Do vay bién dang hinh hoc rotor 1a yéu té quan trong dé hinh
thanh dic tinh bom. Hién nay, rotor bom thuy phd bién dwoc hinh thanh tir cac duong co

ban nhu Cung tron, duong Cyloidal, duong Elip.
2.1.1 Bién dang rotor kiéu cung tron

Cung tron 1a cung cong phé bién trong hinh thanh bién dang rotor bom thuy. Bién
dang rotor bom dugc hinh thanh tir cac cung tron 16i ¢ dinh rotor va cung I8m ¢ chan
rotor ¢6 cing ban kinh. Dé thiét 1ap phuong trinh bién dang rotor bom, ta thiét 1ap hé toa
dd nhu sau (Hinh 2.1):

- Chon hé truc toa do O1X1Y1 va O2X2Y2 gan trén rotor 1 va rotor 2, chuyén dong
cung rotor.
- Chon hé tryc toa do c6 dinh OrXsYs ¢6 tam O tring Ox.

Y Yk |
f Y1 Yy f

Hinh 2. 1 Hé toa d xay dung bién dang rotor
Trong qué trinh 1am viéc phan dinh cuaa rotor 1 s& ddi tiép voi phan 16m cua rotor 2
va nguoc lai. Binh rotor 1 1a cung tron ¢ ban kinh p va c6 tim Oc, phan I8m trén bién

dang rotor 2 dbi tiép voi phan dinh rotor 1 ciing ¢6 ban kinh p. Goi rp 1a ban kinh duong
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. . . N ) , s , N . a
tron chia; goi e la ti s6 gitra khoang cach a = O10c va ban kinh vong chia rp , e=—, theo

r

p

[8]: 0,5<e<1,0; Cé4c thdng sé p, &, rp thoa man phuong trinh:

pP=rl+a’-2ar, c032£ (2.1)
n

Diém Mi(x1,y1) trén cung tron dinh S1 & dinh rotor 1 (Hinh 2.1) ¢6 duoc xéac dinh

boi phuong trinh:
B 9 X a+ pcosé
{x1 :a+_p:;os hay |y, |=| psino (2.2)
Y1 =pSIn 1 1
_(a+p)2 -t ctan? < (a+,o)2—rp2 (2.3.)
J2ar 2 J2ar

Trong qua trinh 1am viéc phan 18m cia rotor 2 ddi tiép vai phan dinh caa rotor 1 nén

toa do diém Mz(X2,y2) trén cung 18m S, duoc xac dinh théng qua ma tran chuyén ddi Mo,

ta co:
M2z = M21.M1 = M2t.Mn1 M1 (2.4.)
Trong do:
Ms 1a ma tran chuyén ddi tir hé toa do O1X1Y1sang hé toa do OrXrYs;
M2f 12 ma tran chuyén doi tir hé toa do OsXsYrsang hé toa d6 02X2Y2.
Theo [8]:
COS¢ sing ~ —2r,cos¢
M,, =|—sing  cos¢ 2r sing (2:5)
0 0 1
Va
COoS¢ sing O
M, =|-sing cosg O (2.6.)
0 0 1
Do do:
cos2¢  sin2¢  —2r cos¢ (2.7.)
M,, =M, .M, =|-sin2¢  cos2¢ 2r,sing
0 0 1

Toa dd diém M trén cung 1dm cua rotor 2 duoc xac dinh theo phuong trinh:
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X, X, pCos(0-2¢) +acos2¢—2r,cos¢
Y, [=My| Y, |=| psin(0-2¢)—asin 24+ 2r cos¢ (2.8.)

1 1 1

Trong d6: ¢ 1a tham sb chuyén dong cua hé toa do; 0 1a tham sé hinh hoc caa dudng
cong.
M&i quan hé giira ¢ va 0 théa man phuong trinh [8]:

f(6,¢) =r,sin(6—¢)-asing=0 (2.9.)

Dua trén phuong trinh (2.2), (2.8) va diéu kién (2.3), (2.9) tac gia viét chuong trinh

xay dung bién dang rotor trén phan mém Matlab.

Chuong trinh matlab xay dung bién dang rotor

r = input('nhap gia tri vong chiar =');

b = input('nhap gia tri ti so b =");

% b la ti so alr;

a=b*r;

ro = sqrt(r*r+a*a-2*a*r*cos(pi/6));

limtheta = pi/6+acos((r*r+ro*ro-a*a)/(2*r*ro));

theta = -limtheta:pi/100:limtheta+pi/50;

% ve cung tron dinh 1,2;

X = a+ro*cos(theta);

y = ro*sin(theta);

plot(x,y)

% Assuming that the data is a line or scatterplot

line_obj_handles = findobj(gca,'type','line");

% This will get the first line, modify this if you need a different one

handle = line_obj_handles(1);

% Extract the data

x = get(handle, 'XData'); % In R2014b or newer, x = handle.XData; also works

y = get(handle, "YData");

csvwrite(‘lobepumpcircularl.csv', [x(:), y(O)D);

Dit liéu thu duoc tir qué trinh chay chuong trinh duoc chuyén thanh di lidu diém dé
hinh thanh bién dang rotor trong phan mém AutoCAD. Két qua thu dugc 6 md hinh bién
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dang rotor bién dang bom kiéu 3 canh (Hinh 2.2) véi 6 truong hop khac nhau cua ti 1é

khoang cach e.

Hinh 2. 2 6 kiéu bién dang hinh hoc ctua bom thuy

2.1.2 Bién dang Cycloidal

Puong cycloid 1a duong cong phd bién trong hinh thanh nhiéu bé mat chi tiét co
khi nhu banh rang, truc vit, dia xich. Cho duong tron (O’,r) 1an khong truot trén duong
tron (O,R), khi 4y mot diém M nam trén doan thang O’M = b s& hinh thanh dudng cong
ho Cycloid (Hinh 2.3)

M
v
b
"
DI
Rlp
D ——

Hinh 2. 3 Budng Cycloid tong quat
Phuong trinh ho dudng cong cycloid tiép xuc ngoai [8]:
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R+r
Xx=(R+r)cosp—-bhcos——
(Rer)cosy r 7 (2.10

y =(R+r)sin ga—bsinMgo
[

Véi @ 1a tham s6 chuyén dong.

Tuong tu nhu bién dang cung tron, khi hinh thanh bién dang rotor, dinh rotor la
duong epicycloid (b = r, duong cycloid tiép x(c ngoai), phan 18m rotor cua rotor nay ddi
tiép voi phan dinh cua rotor kia. Chon hé truc toa do 01X1Y1 va O2X2Y2 gan trén rotor 1
va rotor 2; chon hé truc toa d6 ¢ dinh OsXfYs c6 tam Os tring O1 (Hinh 2.1)

Yed A

r

P 30° M, r

Of i —

O1f 505 Ozzu Xs
2r,

Hinh 2. 4 Bién dang rotor kiéu 3 thily

Diém M1 nam trén dinh rotor 1 (Hinh 2.4) dwgc x4c dinh qua véc to r, = O,M, :
I r,+r 9_

(r,+r)cosé—r, cos

(2.11)

. L r+r
(r,+r)sin@—r,sin o
r

=
Il
1
e ——
Il

1

Trong qua trinh 1am viéc phan 18m cia rotor 2 ddi tiép voi phan dinh caa rotor 1 nén
toa do diém Maz(X2,y2) trén cung 18m S, dugc xac dinh thdng qua ma tran chuyén doi Mz,

ta c6. Toa do diém M trén cung 16m cua rotor 2 duoc xac dinh theo phuong trinh:

(r, +r)cos(d—2¢) +r cos(rp : ' 0 —2¢) —2r,cos¢
X, X
r—zz Y, =My | Vi | = (rp+r)5in(9_2¢)+r5in(rp:r9—2¢)+2I‘psin¢ (212)
1 1

1

27



Trong d6: ¢ 1a tham sb chuyén dong cua hé toa do; 6 1a tham sé hinh hoc caa dudng
cong. Theo [8] tham sb ¢ va 0 théa man phwong trinh :

f(0,¢) =r,sin(6—¢)+r.sin( rp:r (2.13)

. h .0
O-g)+rsin 20 —(r +r)sin£6=0
r r

Phuong trinh (2.11) va diéu kién (2.12) két hop st dung chwong trinh Matlab cho ta
bién dang rotor kiéu duong ho Cycloid (Hinh 2.5)

a. Kiéu 2 thuy b. Kiéu 3 thay c. Kiéu 4 thiy

Hinh 2. 5 Hinh dang rotor bom cénh khé
2.2 Thiét ké cai tién bién dang rotor

Rotor bom bién dang cung tron dam bao khe h¢ gitra dinh rotor va thanh trong vo
bom déu va nho. Nhung dién tich budng chira nho dan téi kha ning tao luu lugng 16n bi
han ché. Puong than khai co vu diém tao cip bién dang co tinh chat ddi tiép an khop tét.
Sy két hop giita cung tron va duong than khai s& phat huy duoc wu diém cua ting duong
cong. Bién dang rotor s& két hop vai cac cung cong Cung tron — Than khai — Cung tron
(CIC). binh rotor la cung tron c6 cung tam vai tdm rotor, cung tron s€ dam bao khe ho
nho va bién d6i déu so vai thanh trong vo bom. Bién dang suon rotor dugc hinh thanh boi
duong than khai dé bao bao dbi tiép tét gitra hai rotor. Chan rotor 1a cung tron ddi tdi véi
cung tron dinh.

Vi bién dang rotor c6 tinh dbi xing nén phuong trinh cac cung cong dugc xac dinh

trén mot phan caa bién dang (Hinh 2.6)
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Pitch
circle

Hinh 2. 6 Bién dang rotor hon hop

Dinh rotor 1a cung tron CD duogc xac dinh theo céng thuec:

T .
X=r,.COS—+1T,.SIn
p-COS o +1,.Siny (2.14.)

. T
y=rp.sin_—+r,cosy

Trong do:

v 1a tham sb cung cong dinh;

fp Va ry 1a ban kinh vong chia va cung tron dinh
Cung than khai BC ¢ suon rotor dugc xac dinh:

{X(d)) = Xp-C0s(¢,) +Y,, sin(¢,) (2.15.)
Y(d)) = Xy -Sin(¢1) ~Ywm COS(¢1)

Trong do:

X
Ywm

Trong d6:  rp la ban kinh duong tron co sd

r,-[cos(oL+0) + (o +6).sin(o+6)] (2.16.)

r,-[sin(a+6) — (a.+6).cos(ou+6)]

0 la tham s6 duong than khai
a la goc an khép
1 1a tham s6 cua hé quy chiéu chuyén dong

rp la ban kinh vong chia, r, = rp.cosa.
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Trong qua trinh 1am viéc, hai rotor ludn dbi tiép dam bao khe hg nho 0.1 mm. Pé
dam bao qua trinh 1am viéc véi khe hé bién dang déu va nho thi dudng an khop 1a doan
thang va nho hon doan an khép Iy thuyét. Do do:

(2.17.)

T i T
r,=—n<rtana = tanoa=— =a,,=arctan —
2n 2n 2n

Chan rotor 1a cung tron dbi tiép véi cung tron dinh, do vay phuong trinh cung tron chan
rotor duoc Xac dinh theo:

X=r,+rsiny, (2.18.)
y=r,CoSy,

Két hop phuong trinh cac doan cong, ta thu dugc bién dang rotor hdn hop (Hinh 2.7)

a. Rotor kiéu 2 canh a. Rotor kiéu 3 canh

Hinh 2.7 Bién dang rotor hén hop
2.3 Két luan chuwong 2
- Noi dung chuong 2 tap trung xay dung phuong trinh toan hoc cho bién dangrotor
bom kiéu cung tron, cycloidal va bién dang rotor kiéu hdn hop.
- Rotor duoc xay dung tir cac dudng cong trén cé kiéu 2,3 va 4 thuy.
- Dudi sy hd trg ciia ngdn ngir 1ap trinh Matlab va phan mém AutoCAD, nhom tac

gia da xay dung mo hinh 2D bién dang rotor.
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CHUONG 3
AP DUNG PHUONG PHAP CFD PANH GIA HIEU QUA TAO HINH ROTOR
3.1 Phwong phap md phéng CFD va co sé |y thuyét
3.1.1 Gigi thiéu vé phwong phap CFD

CFD (Computational Fluid Dynamics) la mot ky thuat mé phong st dung phuong
phap sé két hop véi cong nghé moé phong trén may tinh dé giai quyét cac bai toan lién
quan dén céc yéu té chuyén dong cia moéi trudng, dic tinh Iy hoa caa céc qué trinh trong
moi truong dang xét, dic tinh stc bén ciia moi truong, dic tinh nhiét dong, dic tinh dong
hoc, hay dac tinh dong luc hoc hoac khi dong luc hoc, dac tinh luc, hoac dac tinh luc
moment va twong tic cua cac mdi truong voi nhau....phu thuéc vao timg dbi tuong va
pham vi cy thé cua ting van d¢, ting linh vic khoa hoc ma CFD ¢ thé ung dung duoc.
Nhitng khia canh vat Iy cta bat ky dong luu chét nao déu duoc kiém soét boi ba nguyén
1y co ban sau:

- Bao toan khoi luong.
- F =ma (dinh luat 2 Newton).

- Bado toan nang luong.

Nhitng nguyén 1y co ban ndy cd thé biéu thi dudi dang céc s6 hang cua phuong
trinh toan hoc, ma dang tong quét caa ching la nhitng phuong trinh dao ham riéng. Tinh
toan dong luc hoc luu chat Ia thuat thay thé nhimg phuong trinh dao ham riéng chu dao
ctuia dong luu chat bang sé va dua nhitng s6 nay vao khong gian va hoic thoi gian dé nhan
dugc sy md ta sd cudi cling cua truong dong chay day du can quan tam

CFD trong du bao ki thuat céng nghiép da trd nén manh dén mac ngay nay né co
thé dugc nhin nhan nhu “huéng thir ba” trong dong luc hoc luu chét, hai huéng khac 1a
nhitng truedng hop cb dién caa thuc nghiém thuan tay va Iy thuyét thuan tdy. Nhiing tién
bo vé co luu chit dugc thuc hién bang cach két hop voi cac thuc nghiém tién phong va
phan tich ly thuyét co ban- nhitng phan tich ma hau nhu ludn yéu cau sir dung nhitng mé
hinh dong don gian dé nhan duoc loi giai dang khép kin cua cac phuong trinh chu dao.
Nhitng loi giai dang khép kin c6 loi thé noi bat 1a dong nhat ngay lap tirc mot vai tham sé
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co ban caa bai toan dé cho, va thé hién rd cau tra 10i cho nhitng bai todn bi anh hudng boi
su bién d6i cac tham sé nhu thé ndo. Tuy nhién ching c6 bét loi 1a khong dua ra duoc
moi qué trinh vat ly can thiét cua dong. Véi kha niang kiém soat cac phwong trinh chi dao
& dang chinh xac cuing véi viéc xem xét céc hién twong vt ly chi tiét nhu phan tng héa
hoc & muac d6 han ché, CFD nhanh chéng trg thanh mot céng cu phé bién trong phan tich
ky nghé. Ngay nay, CFD hd trg va bo sung ca thuc nghiém thuan tay lan ly thuyét thuan
ty, va quan diém cua cac nha nghién ctu, CFD s& van duoc coi 1a huéng thir ba trong
d6ng luc luu chat, c6 dang voc va tam quan trong nhu nhau déi véi thuc nghiém va ly
thuyét. N6 cd mot vi tri cé dinh trong tat ca céc khia canh caa dong luc hoc luu chat, tir
nghién ctru co ban dén thiét ké ki nghé.

CFD dugc phat trién, tng dung va mang lai hiéu qua cao trong cac linh vuc co hoc
moi truong chat luu (khi, 1ong, plasma,..) va mdi treong bién dang, dan hoi... Trén thuc
té, CFD duogc ting dung rong rai vao cac nghanh khoa hoc tién tién va céng nghé cao ciing
nhu cac nghanh khoa hoc phuc vu cudc sdng:

e Co hoc chét luu va thiy khi dong luc hoc.
e Vit liéu hoc va suc bén vat liéu.

e Cong nghiép ché tao may, déng tau.

e Nang lugng nguyén t.

e Cong nghiép 6 t6, may bay.

e CoOng nghé composite.

e C6ng nghiép dau khi.

e Y hoc, sinh hoc.

e Khi tugng thuy van.

3.1.2 Co sé caa mo phéong CFD

Nén tang ciia CFD la nhitng phuong trinh chi dao co ban cua dong luc hoc luu
chét

e Phuong trinh lién tuc.
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e Phuong trinh dong lugng.

e Phuong trinh nang luong.

Nhitng phwong trinh trén n6i dén qué trinh vat ly. Chang l1a nhitng phét biéu toan
hoc cua ba nguyén ly vt 1y co ban ma toan bo dong luc hoc luwu chét dit trén co s¢ do:
e Bao toan khdi lugng.

e F =ma (dinh luat 2 Newton).
e Bado toan nang luong.

3.1.3 Gigi thiéu vé Fluent

FLUENT la mot phan mém véi nhitng kha ning mo hinh héa mét cach rong rai cac
dic tinh vat Iy cho mé hinh dong chay chat luu, rdi, trao doi nhiét va phan tung duoc &p
dung trong cong nghiép tir dong chay qua canh may bay dén su chay trong 1 10 lira, tir cac
cot bot khi dén cac dém dau, tir dong chay cua cac mach mau cho dén viéc ché tao céac vat
liéu ban din va tir thiét ké cac can phong sach cho dén cac thiét bi xir 1i nude thai. Cac md
hinh dic biét gidp cho phan mém c6 kha ning mo hinh hoa budng chay dong co cylinder,
khi d6ng hoc sy truyén am, may canh va céac hé thong da pha nham phuc vu cho viéc mo
rong kha nang cua phan mém. Trong Fluent cac md hinh chay réi dua trén phuong trinh
ning luong cho dong ning chay rdi da trg thanh nén tang cua viéc nghién ciau md hinh
chay réi hién dai.

M hinh chay rbi bao gom hai phuong trinh d6i luu ¢é mé ta cho tinh chay rdi cua
dong chay. Thong thudng mot trong cac bién ddi luu 1a dong niang chay ri (turbulent
kinetic energy) k, bién ddi luu tht hai khac nhau phu thugc vao kiéu cia mé hinh hai
phuong trinh. Lya chon phd bién 1a tiéu tan rdi (turbulent dissipation) € hoic ti sé tan
nhiét dic trung (specific dissipation). Hai mé hinh phé bién va dugc s dung rong réi
trong mo hinh hai phuong trinh la:

e MO0 hinh k-epsilon.
e MO0 hinh k-omega
M6 hinh k-epsilon [9] 1& mét trong nhitng mé hinh chay réi pho bién nhat, mac du

n6 khdng thuc hién tét trong trudng hop cac gradient 4p suat 16n. N6 1a mot md hinh hai
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phuong trinh, c6 nghia 12 n6 gém c6 thém hai phuong trinh d6i lwu dé mé ta tinh réi cua
dong chay. Bién dbi luu dau tién 1a dong ning chay rdi k, bién dbi luu tht hai trong
truong hop nay 4 tiéu tan rdi €, n6 1a bién xac dinh quy mé rdi, bién k xac dinh ning

lwong trong chay ri. 3.2 Ung dung CFD trong md phong dong chay qua bom thuy
3.2.1 Cac budc giai bai toan mé phong biang phwong phap CFD

Giai bai toan bang phuong phap CFD gom céc budc nhu sau:
1. Pitvande.
2. Gial quyet yén de.
3. banh gia ket qua.

Tir nhu cau thuc tidn can giai quyét cac van dé ma ching ta dit ra van dé cho bai
toan. Pat van dé gitp ching ta dinh hudng rd rang vé cach md phong va diéu kién mo
phong.

Giai quyét van dé gom ba giai doan la: Pre-Processing, Processing, va Post-
Processing. Pre-Processing 14 giai doan chuan bi dé giai quyét bai toan CFD, dé 1a xay
dung md hinh hinh hoc cua vat thé, roi rac hda van dé bang cac diém roi rac hay con goi
1a cac ludi diém. Phuong phap roi rac phai dam bao dugc cac yéu cau vé kha nang lam
Viéc ctia may tinh, dam bao d6 chinh xac va hoi tu cia phuong phap tinh. Sau khi da xay
dung duoc ludi tinh ton, ching ta tién hanh lya chon cac phuong phép tinh. Processing
1a giai doan tinh toan dwogc thuc hién, van dé con lai d6 1a can thiép vao cac dai luong thir
sinh (xuét phat tir to hop cac bién co sé trong hé phuong trinh). O giai doan nay ching ta
quyét dinh sir dung céc giai phap nao cho phuong phép tinh dé dam bao duoc mét phuong
an t6i uu cho cac yéu cau vé thoi gian tinh toan, kha ning tinh toan va do chinh xac cua
loi giai. Post-Processing 1a giai doan truc quan va xir ly két qua. Sau khi giai doan
Processing hoan tat, toan bo dir liéu cta bai toan dwoc ghi lai thanh dit liéu s, nhi phan,
ma hda .. trén 6 cang cua may tinh. Ching ta hoan toan co thé xu 1y ching dé thu duoc

|61 giai cho bai toan caa minh.
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3.2.2 Trinh ty thiét 1ap md phéng

3.2.2.1. Piéu kién md phéng

Rotor bom thuy c6 duong sinh thang nén két qua trén mé hinh 3D va 2D tuong tu

nhau. Do vy, tac gia st dung mé hinh rotor 2D dé phan tich dong chay qua bom thuy

Thdng s6 hinh hoc co ban ctia bom trong mé phong nhu sau: kich thudc cira vao ¢25mm;

kich thudc cura ra ¢25mm; ban kinh vong chia rotor r, = 30 mm;

khoang céch tam hai

rotor 60 mm; khe hé bién dang hai rotor 0,1-0,2 mm; khe h¢ dinh rotor véi thanh trong

cua vo bom 0,1 mm; kich thudc vé bom trong cac trudng hop déu tuong ty nhau. Thong

s6 cua dong van chuyén: chat long Newton khong nén dugc; do

nhét 0.001003kg/m.s;

khéi lwong riéng 998.2 kg/m3. M6 phong st dung mé hinh dong chay réi k-g; thuat toan

SIMPLE; biéu do sai sé bac nhat; toc do rotor quay tir 300 + 1500 vong/phut; Ham UDF

(User Defined Function) dé diéu khién téc do quay cua hai rotor va ludi dong; M& CODE

duogc viét trén ngdn ngir lap trinh C. Budc thoi gian trong md phong t = 0.00001s.

3.2.2.1. Cac bwoc thuc hién moé phong theo phwong phap CFD

Budc 1: Tao luéi ddi tugng

MO hinh dugc tao ludi tam giac cé kich thudc canh 0.4 mm

e
e
B

e

35|

L

Purayararari|
2,

A

b. Kiéu 3 thay

Hinh 3. 1 M0 hinh luéi

Budc 2: Nhap md hinh luéi va thiét 1ap ham diéu khién rotor quay
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Budc 5: Thiét lap vat ligu
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Hinh 3. 5 Thiét lap vat liéu
Budc 6: Thiét lap diéu kién 16p bién
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Hinh 3. 6 Thiét lap diéu kién Iop bién
Budc 7: Tao code C diéu khién téc do quay rotor
#include "udf.h"
#define omegal -104.7197551 /* rotational speed, rad/sec */
#define omega2  104.7197551 /* rotational speed, rad/sec */

DEFINE_CG_MOTION(rotatel, dt, cg_vel, cg_omega, time, dtime)
{
37




cg_omega[2] = omegal;

}

DEFINE_CG_MOTION(rotate2, dt, cg_vel, cg_omega, time, dtime)
{

cg_omega[2] = omega2;

¥

Budc 8: Thiét 1ap mé hinh ludi dong
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Budc 9: Theo ddi két qua
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3.3 Két qua md phéng
3.3.1 V¢i bién dang cung tron

3.3.1.1 Cot 4p bom

o e "
' RPN Eallad
r{ ‘)“. :: \T' - |
‘ | ' I |
0.025s 0.05s
= - B
. F,_m

0.075s 0.1s

Hinh 3. 10 Phan bé &p suat bom thuy véi e = 0.9 & tbc do 1000 vong/phut
Bom thily thuéc dong bom thé tich nén bién dang rotor anh huang nhiéu téi kha
nang hinh thanh ¢t ap bom dac biét l1a khe ho gitra hai rotor va khe ha rotor véi vo bom.
Hinh 3.12 thé hién anh phan b &p suat trong bom & thoi diém 0,025s + 0,1s cua bién
dang cuing tron vai hé sb e = 0,9. Hinh anh biéu thi sy bién d6i 4p suat théng qua mau sic.
Tai viing hai rotor bat dau vao dbi tiép c6 mau do dam ching to ving nay &p suat 1on, tai
ctra ra ap suat kha 6n dinh va trong viing dién tich khoang chaa c6 nhiing vi tri bi tut ap
(nhitng diém xanh dam). Diéu ndy phu hop vai Iy thuyét tao 4p suat cua bom thé tich.
Hinh 3.13 thé hién su bién doi ap suat ctra ra khi ti 1¢ khoang cach tang tir 0,6 t6i 1,0.
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Hinh 3. 11 Su bién d6i ap suat dong chay & cira ra

Trong giai doan dau (0+0,04s) thi &p suat bién d6i khdng on dinh & hau hét cac
truong hop va sau d6 n6 6n dinh dan vai tan sé twong ty nhau. Cot ap 16n nhat dat khoang
20 kPa va nho nhat khoang 5 kPa véi e = 1,0. Bdi véi e = 0.6 thi gié tri twong @ng la
khoang 2,0 kPa va 1,4 kPa. Do thi ciing cho thay bién d6 dao dong ti I¢ vai ti 18 khoang
cach, bién d6 16n nhat khi e = 1,0 va gap khoang 25 lan so véi truong hop e =0,6. Khi ti ¢
khoang cach ting thi cot ap trung binh ting tuan theo quan hé gan tuyén tinh (Hinh 3.14).
Cot 4p trung binh 16n nhat khoang 15000 Pa va nho nhat khoang 1300 Pa twong tng véi e
= 1,0 va 0,6. Diéu nay duoc giai thich hop Iy khi ti s e tang thi hiéu suat thé tich [6] ting
dan ti kha niang tao ap suat tang. Két qua nay co thé suy luan khe ho bién dang duoc cai

thién theo hudng déu hon.
16000

5
b=
AN

BINH (Pa)

12000
= 10000 /
8000 /

6000
4000 /
2000 /

'_,—P"'

e=0.6 e=07 e=08 =09 e=095e=0.10

cOT AP TRUNC

Hinh 3. 12 Cot ap trung binh ¢ cua ra
Hinh 3.15 biéu thi sy bién doi van toc ¢ dau ra cua bom ¢ toec ¢6 1000 vong/phdit.
Vin téc dong chay bién d6i vai tan sb twong duong va bién do ting khi ti 1é khoang céach

tang. Ciing nhu ap suat thi van téc bién d6i chua on dinh & giai doan dau va sau d6 né 6n
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dinh hon ¢ giai doan tiép theo. Két qua ciing thé hién van tc bién d6i tuong ddi on dinh
vé6i gid tri 16n khi e = 0,9 va e = 0,95, kém 6n dinh trong cac trudng hop con lai. Gia tri
van tdc trung binh va ti 1& khoang cach tuan theo quan hé gan tuyén tinh hinh 3.15b. Van
tdc trung binh dat gia tri cdo nhét khoang 4,87 m/s va thap nhét 1,42 m/s ang véi e = 1,0
va e =0,6. Tuy khdng tao duoc 4p suat va van toc I6n nhat nhung véi bién do dao dong
cua van tdc nho va ap suat 6n dinh nén dong chay qua bom c6 nhiéu vu diém khi e = 0,9

+ 0,95 s0 Vi cac truong hop con lai.

=y

6
VAR ATV A v 5 e
;4AMA /\\i\/\/\/\/\ e—0.95 X
IS N VN NN NN 5 o~
2, e=09 <3 /
z e=08 Z2
) alZalaN e=07 > /
o~ e=0.6 1
! 0
N e=0.6 e=0.7 e=08 e=09 e=0.95 =010
0 0.02 0.04 0.06 0.08 0.1 , THOT GIAN (8)
THOT GIAN (5) b. Toc d6 dong chay trung binh

a. Sy bién d6i téc d6 dong chay
Hinh 3. 13 Sy bién doi tbc do dong chay
3.3.1.2. Phan tich anh hwéng ciia s6 canh cia rotor téi van toc va ap suat dong chay

Nhu di phan tich ¢ trén, khi ti 1é khoang céch e = 1,0 thi van téc va ap suat 16n
nhat. Do vay, tac gia tap trung phan tich anh huéng cua sé canh rotor bom téi dp Suat va
van téc dong chay. Hinh 3.16 thé hién sy bién doi tuan hoan cua cot ap bom & cta ra Voi
rotor kiéu 2 canh va 3 canh ¢ toc d6 1000 vong/phut. Rotor kiéu 3 canh c6 cot ap dao
dong vai tan sé gap khoang 1,6 1an so véi rotor kiéu 2 canh va &p suat dao dong véi bién
d6 nho nén cot &p & cira ra bién do6i twong ddi 6n dinh. Twong ty nhu 4p suét, van téc
dong chat 1ong & ctra ra ciia bom thuy rotor kiéu 3 canh dao dong vai tan sé 16n hon va
bién d6 nhé hon bom thiy rotor kiéu 2 canh (Hinh 3.16). Diéu nay duoc giai thich khi s6
canh ting tir 2 canh I1&n 3 canh thi viing thé tich bom duoc chia thanh nhiéu khoang hon
(tir 2 khoang Ién 3 khoang), chu ky dao dong cua phan tir chat long giam dan toi tan sb
tang. Thoi gian va lyc twong tac ctia canh rotor 1én cac phan tir chat long giam dan toi
bién d6 dao dong caa phan tir giam. Qua két qua bién d6i dong chay qua bom, ta thiy cot
&p va van téc cua bom thily rotor kiéu 3 canh nho hon bom thily rotor kiéu 2 canh nhung
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tan s6 dao dong Ién hon, dong thoi bién d6 dao dong nho hon nén dong chay qua bom on

dinh, qua trinh 1am viéc ém. Day 13 wu diém ndi bat ciia bom thuy kiéu 3 cénh.

120000 50000

- - -2 Cinh 45000
100000 - - R "
3 Cinh T T 40000
I I ! I
. 80000 ! 35000
F [ T =
= o \ ! ! ! Vo £ 30000
Z 60000 o
z A A = 25000
o L] 1 1 ]
ST A N S S A S = 20000
R ‘| rova “I'
D A AT 15000
20000 -~ 10000
. 5000
0 002 004 006 008 01 0
THOT GIAN (S) 2 Thity 3 Thiy
a/ Sy bién doi cot ap bom b/ Cot &p trung binh

Hinh 3. 14 Su bién doi van téc ciia bom thuy 2 va 3 cénh
3.3.1.3 Két luan véi bién dang cung tron

- O téc d6 rotor 1000 vong/phut dic tinh cot p va van téc dong chay qua bom ti 16
Véi ti 1é khoang cach va dat gia tri trung binh 16n nhat khi e = 1,0; két qua nghién ctu
cling cho thay cot 4p va van téc dong chay 6n dinh véi do 16n cao khi e = 0,9 va e = 0,95;

- Nghién ctru ciing chi ra rotor kiéu 3 canh cho cot ap va téc do dong chay thap
hon rotor kiéu 2 canh nhung tan s dao dong cua cot &p, van toc 16n hon va bién do nho

hon.
3.3.2 Bién dang rotor hén hep CIC

M6 phong CED duoc thuc hién voi rotor bom thuy kiéu 3 canh. Dai toc do quay
cua rotor bién doi tir 300 vong/phut —1500 vong/phut.
3.3.2.1 Van téc dong chay

Hinh 3.17 Thé hién téc do dong chay ¢ ctra ra caa bom ang véi téc do rotor n =600
vong/phat. O ca 3 bién dang Cycloidal, cung tron va bién dang hdn hop CIC thi toc do
dong chay déu bién dbi cé tinh chu ky. Tdc d6 dong chay 16n nhat (ng voi bién dang CIC
va nho nhét &ng véi bién dang Cycloidal. O bién dang Cycloidal toc do dong chay bién
d6i tuan hoan kém 6n dinh nhat véi bién do thay do6i nhiéu. Va téc do dong chay on dinh

véi bién dang hén hgp CIC.
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CycI0|daI Rotor

- - -Clrcular Rotor

—o—CIC Rotor
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Hinh 3. 15 Van téc dong chay & tdc do rotor 600 vong/phut
Hinh 3.18 Thé hién sy bién d6i cua van téc trung binh & cac dai tbc do rotor khac
nhau ng véi ting kiéu bién dang rotor. Téc d6 dong chay ti 1& vai tée do rotor theo ham

gan tuyén tinh.

6
g 5 Cycloidal //,:
2 - = =Circular /’
g 4
>
& 3
: ///
o -
g 2 =
(4] ’d
5 s
s 1-
(3}
=
0 T T T T 1
0 300 rpm 600 rpm 900 rpm 1200 rpm 1500 rpm

Hinh 3. 16 Van téc dong chay
O tat ca cac truong hop thi bién dang tong hop CIC déu cho téc do dong chay 16n
nhat trong cung diéu kién giéng nhau vé téc do rotor va kich thugc hinh hoc cua rotor

bom.
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3.3.2 Cét 4p bom
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Hinh 3. 17 Cot ap bom & téc do rotor 600 vong/phut
Hinh 3.19 Thé hién sy bién di cot 4p bom 6 tdc do rotor 600 vong/phuat. Cot ap
bom bién d6i trong ddi tuan hoan & tat ca cac bién dang. Bién dang hdn hop cho cot ap
bom 16n nhét va bién dang Cycloidal cho cot 4p bom nho nhat. Biéu nay thé hién bién

dang CIC dam bao khe giira hai bién dang tét nhat trong 3 bién dang khao sat.

25000

20000 Cycloidal g
= = =Circular ,

15000 ’
g —=—CIC ////,/j
/7
10000 //
5000 -

0 &= T T T T 1
0 300 rpm 600 rpm 900 rpm 1200 1500
rpm rpm

The average outlet pressure

Hinh 3. 18 Cot 4p bom
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Hinh 3.20 Thé hién sy bién d6i cot 4p bom khi thay doi téc do rotor. O tat ca cac
truong hop khao sat thi bién dang CIC déu cho thiy cot 4p 16n nhét.

3.3.3 Luu lwong dong chay
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4 =
0 ./
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0
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Mass flow rate outlet (kg/s)

Hinh 3. 19 Luu luong bom
Hinh 3.21 cho thay rang vai cung kich thugc hinh hoc rotor, rotor bién dang CIC
cho luu lugng 16n hon hai bién dang con lai. Diéu nay thé hién kha ning tao hiéu suat

bom cao.
3.4 Két luan chwong 3

- Noi dung chuong 3 trinh bay vé k§ thuat CFD trong md phong dong chay qua
bom, co so cua ky thuat CFD va phuong phap thuc hi¢n.

- Qua trinh md phong CFD cho thiy wu diém ndi bat caa rotor bién dang tong hop
CIC. So véi bién dang cung tron va bién dang Cycloidal thi bién dang CIC cho thong s6
dong chay tét hon.

- Qua trinh md phong CFD ciing chi ra véi rotor bom kiéu 3 canh cho hiéu qua lam

viéc tt hon rotor kiéu 2 va 4 canh.
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CHUONG 4
CONG NGHE CHE TAO ROTOR

4.1 Pic diém va yéu ciu ky thuit caa chi tiét gia cong

25.98
025.74+831

985.73 -
\/

+0.02
302002

Hinh 4. 1 Chi tiét gia cong

Dua trén dic diém tng dung ctua bom thiy nhu chuwong 1 dé cap, vat liéu lam rotor
bom thuy phai dam bao cac yéu cau ky thuat chung ma con dam bao cau chéng oxy hoa
trong diéu kién lam viéc cia no. Pé dap (ing yéu cau dé thi vat liéu lam bom thuy la loai
thép khong gi, chon vat liéu ché tao: SUS201

Pic diém bién dang rotor

Thong so cung cong

Cung tron dinh va cung tron chan: duong kinh 25.74 mm

Toa do tam: (0;30), Hai vi tri con lai léch goc 120°

Gidi han cung: 16.18°, cung day 24.81°,

Thong sé cung than khai

Goc dn khop: 35°

Giéi han cung: 17.01°

buong kinh vong chia: 60 mm
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Bién dang chi tiét dugc hinh thanh tir cac cung cong va c¢6 duong sinh thang. Nén

phuong phap gia cong phu chop cho chi tiét 1a phuong phap cit ddy CNC.
4.2 Cac buoc thuc hién
Budc 1: Tao phoi

Chon phéi Inox dang tim c6 kich thudc nhu hinh 4.2. Kich thudc phéi duong kinh
90£1.5 mm va day 32+0.5 mm

f32i8:%j

?90*]2
Hinh 4. 2 Phoi
Budc 2: Gia cong hai mat bén
n Tién khoa mat dau tha nhat;

Wﬁ May: may tién T620

Dao: Dao tién don thép gio P19

Ga dat: Mam cip 3 chau
Ché do cong nghé:
n = 600 vong/phut

t=1mm

Hinh 4. 3 Gia cdng mat bén thir nhat
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n Tién khoa mat dau thir nhat;

May: may tién T620

Dao: Dao tién don thép gio P19
Ga dat: Mam cap 3 chau

t Ché do cong nghé:
n = 600 vong/phut

t=1mm

Hinh 4. 4 Gia cdng mit dau tht hai
Budéc 3: Gia cong 16 + ranh then

Gia cong 16 va ranh then
May cat day: DK7730
Dung cu: Day dong duong kinh 0.25 mm

\ Budc tién: 0.01 mm
™
y

Hinh 4. 5 Gia cong 16 va ranh then

e B

Budc 4: Gia cong rang

2598

025 74:88]
\/.ﬂg > /\17 )
\ 2L 81”\
30:881 W‘fﬁ N

/ Aws 7t
225 i /<
6201332

+0.02
30007

Hinh 4. 6 Gia cong bién dang rang
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Gia cong 16 va ranh then
May cat day: DK7730
Dung cu: Day dong duong kinh 0.25 mm
Budc tién: 0.01 mm
Buéc 7: Kiém tra

Kiém tra d6 chinh xac gia cong ring bang phuong phap CMM
4.3 Tao chwong trinh NC

Budc 1: Xuét v& banh riang 2D tir Autocad sang méi trudng Mastercam.
Budc 2: Thiét lap duong dung cu.

Chon may cat day CNC;

Chon kiéu dudng chay day la Contour wirepath;

Chon cac théng sb cua day cat trong hop thoai Wire Contour.

Wire Contour.

X

‘e Parameters | Cortour | Lead infout | Cuts | General

Pawer Settings

Select Library... | | C:AMCAMXNWIRENPOWERYWIRE_MM.PO Starting pass #: 1 =
[ Associate tao library

Pasz |1 %

Offset: 1 Condition cade: | 101 Feed rate: 0.0
‘wire diameter: 0.305 'P* Register 0o Fegister & 0o
wire radius: 01525 'T' Register 0.0 Feqister 7 0.0
wire overbu: | 0.0 Register 3 0o Register 3 0o
Stack to leave: | 0.0 Register 4 0.0 Fegister 9 0.0
Total Offset: Fegister 5 o0 Fegister 10 o0

Pass Comment

Comment:

[ Start Pos... ] [ Misc values... ]

[ Origin/Planes: ] [Eanned Text...]
O

(v I[%][?]

Hinh 4. 7 Thiét lap duong chay dao
Chon céac thdng sb trong thé Contour nhu hinh 4.6
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Wire Contour, El

ire Paramelelsl Contaur ‘Laad infout ” Cuts ” Gemeral\

. . . . . Eampensahom tyDe
@ &) &) 9]

Compenzation direction:
Pr 1] Fig
Right

Optimize:
Rapid Height 500

e

Roll cutter around comers Al -

Irfinite look shead

Linearization tolerance: 0.0001

e

Chain Height () Absolute
LI Trim Plane

(%) Absolute
LW Height Corner type and radius:
() &bsolute ) Incremental C/ I:l

- Land Height = = * +
Ahbszalute COw l:l Cw

27 Height Arc tywpe and radius:

. &3
(=) sbzolute ) Incremental O/ I:l .
Trim Plane| |-20.0 ﬂ ﬂ +
(® &bsolute O Incremental COw I:l CoW

(v ][ %] 2]
Hinh 4. 8 Thé contour
Chon céc thong sb phdi trong hop thoai Machine Group Properties nhu hinh 4.16.

e gmie]
o| = | & =
“la | =la
@ S
Fl Fl
F @
= =
[N [N

3
H
El
z
¥

Machine Group Properties El
Files | Program Settings | Stock Setup |
Stack View
[ |[Tor
Shape
() Rectangular O Salid
(@ Cyiindricaf O Fie
Ais
Oox Ov @z
Display
[CIFit screen
(O wire frame
® Soid
Stock Ongin
Ik wigw
coordinates
w |-26.889163
v 8370985
Z |00
L3
Select comers... MLl extents
[ Ansuisces | [ ansoids | [ ANEntties | [ Unselectal |

(v ][ % ][ 2]
Hinh 4. 9 Hoi thoai may

Quan sét, kiém tra dudng dung cu.

Budc 3: Xuét file NC cit day banh ring tru than khai ring thang.

Budc 4. M6 phong qua trinh gia cong.
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4.4 Thuc nghiém gia céng
4.4.1 Chgn may

Chon may cat day DK7730 c6 cac thong s6 ky thuat nhu sau:

Kich thudc ban may: 360x540 (mm).

Hanh trinh gia cong: 300x360 (mm).

Chiéu cao cit tbi da: 400 (mm).

Do cit con tiéu chuan: 6°,

Tai trong mat ban may: 200 (kg).

Téc do gia cong t6i da: 120 (mm?/phdt).

Do bong bé mat tét nhat: Ra2,5 ( zm).

Do chinh x&c gia céng: 0,015 (mm).

Trong luong: 1250 (kg).

4.4.2 Thong s6 gia cong

Dién ap danh tia lta dién Ui Day 1a dién ap can thiét dé c6 thé dan dén phong tia
Ira dién, dién ap danh lra U; cang Ion thi phong dién cang nhanh va cho phép khe ho
phong dién cang Ién. Chon Ui = 90 (von).

Do kéo dai xung ti: Trong cling mot budc xung chu ky tp ¢d dinh thi lwong hot vat
liéu s€ tang khi do kéo dai xung ti taing. Tuy nhién lugng hét vat liéu chi tang téi mot
luong nhét dinh sau d6 s& giam cho du c6 tang. Chon ti= 0,5 (giay).

Khoang cach xung to: Khi khoang cach xung cang I6n thi luwong hét vat liéu phoi
cang nho va nguoc lai. Tuy nhién, khoang cach xung phai du Ién dé dung dich chat dién
moi c¢6 du thoi gian thoi ion hod ciing nhu dong chay chat dién mdi c6 thoi gian van
chuyén hét phoi gia cong ra khoi ving gia céng. Chon to = 10 (giay).

Téc d6 cat 110 (mm¥pht).

bién cuc la diy molipden duong kinh 0,18 (mm).
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4.5. Kiém tra va danh gia dé chinh xac.
4.5.1 Céc théng sé can kiém tra.

Khi ché tao rotor dang riang, d¢ dam bao rotor 1am viéc tét theo dung yéu cau.
Chdng ta can kiém tra cac thdng sé cua rotor so véi cac thong so thiét ké.

Cac thong s6 can kiém tra nhu sau:

Kiém tra do chinh xac dong hoc bao gom:

Sai s6 dong hoc.

Sai s6 tich lily bugc vong.

Do dao vong chia.

Sai léch chiéu dai khoang phéap tuyén

Sai léch khoang cach tam khi banh rang lam viéc.

Kiém tra do ong dinh khi lam viéc.

Sai s6 chu ky.

Sai sO budc co so.

Sai s6 budc vong.

Sai s6 profin.

Kiém tra khe hd mit bén.

Déi vai rotor ché tao, nhom tac gia tién hanh kiém tra 2 théng sé co ban d6 1a
- Kiém tra d6 chinh xac cua profin ring rotor

- Kiém tra 6 chinh xé4c caa budc ring rotor
4.5.2 Kiém tra mot sé théng sé co ban biang phwong phap truyén théng.
1. Phwong phap do sai s6 buée ring.

Budc vong t ciia banh rang rotor 1a khoang cach gitra hai profin cung phia cua
hai ring ké nhau do theo cung tron dong tdm cua banh rang. Sai sé tich lily budc vong 1a
tri sb sai léch budc vong 16n nhat sau mot vong quay ciia banh ring va duoc quy dinh 1a

sai 1éch gidi han cia budc vong, NO dung danh gia mirc lam viéc ém cua banh rang.

So d6 kiém tra sai sO budc vong.
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Hinh 4. 10 So b do sai léch buéc vong

May do bao gém: dia chia 3, chdt dinh vi 2, banh rang kiém tra 1 duoc lép cd
dinh trén dia chia 3, M6 do 4 ty vao dau 5 c6 gin dong ho so. Ban dau ta diéu chinh cho
d6ng ho chi s6 0. Sau d6 ta tién hanh rat chét dinh vi 2 ra va quay banh ring cung dia

2.7 4é dhu do 4 ty vao profin ring tiép theo va ghi lai két qua trén

quay di mot goc 7 =
d6ng ho do. Ta cir 1am nhu vay dén khi do hét cac cac rang.

2. Po sai s profin ring rotor

Sai s6 profin ring rotor 13 sai léch 16n nhat gitta bién dang ring thuc voi bién
dang rang 1y thuyét yéu cau. Pé so sanh dang ring thyc véi dang ring 1y thuyét, ta tién
hanh so sanh qua hai chuyén dong: chuyén dong tao hinh than khai mau va chuyén dong
do ctia dau do ra lién tuc trén bién dang thuc cta banh ring do. Sai 1éch giita hai chuyén

dong cho ta sai s6 profin rang hay goi 1a sai s6 dang ring.

ylpEn

Hinh 4. 11 Do sai s6 profin ring

=
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Ta c6 thé tién hanh kiém tra sai s6 profin banh ring théng qua 2 cach.
Cach 1: Kiém tra sai s6 bang dudng chép hinh
Céch 2: dung trén may do chuyén dung

Dia 3 duoc lap ¢ dinh véi banh ring can kiém tra 2, thudce 1 tiép xuc véi dia 3
va dau do 4 tiép xUc véi banh rang 2, ddu do 4 c6 dau ty 6 lién két vai ddng hd do 5. Piéu
chinh dong hd vé muc 0, sau d6 ta tién hanh quay banh ring, néu bién dang banh ring c6

sai sO thi dong ho 5 s& thay doi gia tri.

45.3 Kiém tra banh ring con ring thing bang phuwong phap do toa dd trén may
CMM.

1. Giéi thiéu vé may do toa d0 CMM

May do toa do ba chiéu dung dé do va kiém tra cac thong s6 hinh hoc cta céc chi
tiét co khi. CMM con c6 thé dung dé chép hinh cac vat miu tao ra cac file dit lieu CAD
dung trong thiét ké khuén mau. CMM duoc diéu khién DNC nho sy hd tro ciia cic phan
mém PC-DMIS chay trong méi truong Windows.

Hé thong may do toa td bao gdbm mot hé thong hoan chinh gom:

- May CMM

- May tinh va hop diéu khién
- May nén khi

- May hat 4m

Céu tao cua may do toa d0 CMM gém:

Ban may duoc ché tao voi d6 6n dinh cao. Trén bé mit ban co ciy vao céc chi tiét
ren b:;ing thép dé tién cho viéc cap chi tiét, khi ta ga chi tiét 1én may dé thuc hién qua trinh
do.

Pau do tiép xuc duoc g:’fm 1én dau truc Z béng luc tir, dAu do c6 thé duge bd tri
theo nhiéu phuong huéng khac nhau khi ta thay doi goc quay cia no.

Hép diéu khién c6 nhiém vu diéu khién dau do dén vi tri cta chi tiét can do, dua
dau do tiép xc v4i bé mit chi tiét mot cach nhe nhang.

2. Phwong phap do trén may do tga d) CMM
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a. So' do va qud trinh do

Budc 1: Xac 1ap hé truc toa do cho banh rang can do (hinh 4.22).

- Piat mit dau cua banh ring can do 1én mit chuin may do. Chu y: mit dau cia
banh ring 1a mit duoc st dung 1am chuan khi gia céng banh ring.

- Dung dau do x4c dinh mit try lap ghép véi truc cua banh ring. Ban dau, ta reset
may sao cho mit xOy song song hodc tring v6i mit chuin may, sau do, ta xac 1ap gbc hé
truc toa d¢ Oz trung v&i duong tam clia banh rang can kiém tra.

- Ta do hai mit dau cta banh ring con.

Budc 2: Tién hanh do.

— Ta tién hanh quét profin clia mit ring theo mit phiang song song v&i mat phang
xOy, twong tng véi cac cao do Z khac nhau, ta s& thu duoc toa d6 diém cia profin ring (
Xi ,Yi,Zi ).

- Néu quét toan bo bé mat rang thi s6 diém s& vo cung 16n, do vay, ta tién hanh
quét & cac cao do Z khac nhau

- Pé quét duge dau tién ta phai xac lap duong di cho dau quét cia may do. Ta
phai chon diém bat dau dudng quét (dung hop diéu khién dicu khién dau do cham vao bé
mit ring), diém két thic duong quét va mot diém ¢ giira dé thé hién huéng quét. Tat ca

cac duong quét déu phai lam nhu thé nay.
b. Két qud ciia phép do.

Téc gia da tién hanh do toa do cac diém trén bién dang cia banh rang. Do s6 lugng
diém 16n nén Tac gia chi tién hanh do hiru han mot sé cao do khac nhau dé kiém tra bién

dang.
Két qua cua phép do

SCN1 =FEAT/SCAN, LINEAROPEN
EXEC MODE = NORMAL, NOMS MODE = MASTER, CLEARPLANE = NO,
SINGLEPOINT = NO, THICKNESS =0, FINDNOMS=0.25
SHOWHITS=YES, SHOWALLPARAMS=NO
DIR1=LINE,INCR=0.5

HITTYPE=VECTOR
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MEAS/SCAN
BASICSCAN/LINE,SHOWHITS=YES,SHOWALLPARAMS=NO
HIT/VECTOR,74.824,128.282,-335.808,-0.0913056,-0.9958224, -
0.000997,74.824,128.282,-335.808,T=0
HIT/VECTOR,74.329,128.329,-335.807,-0.0916275,-0.9957928, -
0.0009971,74.329,128.329,-335.807,T=0
HIT/VECTOR,73.829,128.374,-335.808,-0.0935292,-0.9956 16, -
0.0009975,73.829,128.374,-335.808,T=0
HIT/VECTOR,73.339,128.422,-335.808,-0.1041601,-0.99456,-
0.0009994,73.339,128.422,-335.808,T=0
HIT/VECTOR,72.853,128.476,-335.808,-0.1204968,-0.9927132,-
0.0010022,72.853,128.476,-335.808,T=0
HIT/VECTOR,72.353,128.542,-335.808,-0.1213358,-0.992611, -
0.0010023,72.353,128.542,-335.808,T=0
HIT/VECTOR,71.856,128.598,-335.808,-0.1270957,-0.9918899, -
0.0010032,71.856,128.598,-335.808,T=0
HIT/VECTOR,71.374,128.667,-335.808,-0.1447632,-0.9894658, -
0.0010058,71.374,128.667,-335.808,T=0
HIT/VECTOR,59.64,131.187,-335.809,-0.2673484,-0.9635994, -
0.0010149,59.64,131.187,-335.809,T=0
HIT/VECTOR,59.17,131.331,-335.809,-0.2854045,-0.9584066, -
0.0010149,59.17,131.331,-335.809,T=0
HIT/VECTOR,58.676,131.473,-335.809,-0.2772708,-0.9607913, -
0.001015,58.676,131.473,-335.809,T=0
HIT/VECTOR,58.192,131.613,-335.809,-0.2787634,-0.9603593, -
0.001015,58.192,131.613,-335.809,T=0
HIT/VECTOR,57.72,131.752,-335.809,-0.2904765,-0.9568816,-
0.0010149,57.72,131.752,-335.809,T=0
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HIT/VECTOR,57.238,131.903,-335.809,-0.2916767,-0.9565164,-
0.0010148,57.238,131.903,-335.809,T=0

HIT/VECTOR,56.746,132.049,-335.809,-0.2852022,-0.9584668, -
0.0010149,56.746,132.049,-335.809,T=0

HIT/VECTOR,56.262,132.193,-335.809,-0.2858342,-0.9582785, -
0.0010149,56.262,132.193,-335.809,T=0

HIT/VECTOR,55.783,132.336,-335.809,-0.2908883,-0.956 7565, -
0.0010149,55.783,132.336,-335.809,T=0

HIT/VECTOR,55.426,132.446,-335.809,-0.2958727,-0.9552268, -
0.0010148,55.426,132.446,-335.809,T=0

ENDSCAN

ENDMEAS/

4.5.4, Xir Iy s6 liéu sau khi do
1. Phwong phap xir ly

S6 liéu sau khi do dugc cho dudi dang toa do va dang hinh anh cua diém do. Khi
ta do thi toa d6 trong hé do ctia may khong tring véi toa do gia cong banh ring, nén dé xir
Iy sb liéu do ching ta can dua toa do diém do vé toa do gia cong. Va toa do nay cling
tring v4i toa do 1y thuyét khi xay dung phuong trinh bé mat. Khi d6 viéc xac dinh sai s6
s€ don gian hon.

Trong sb liéu do co rat nhiéu cac toa d6 nhu X,Y,Z,P,Q,R,.. Nhung dé kiém tra do
chinh x4c vé bién dang ching ta chi quan tam té1 cac toa do X,Y,Z. DPé dua hé toa d6 may
vé hé toa do gia cong chung ta can chuyén hé toa do may tinh tién theo phuong Z mot

khoang bang 335.809 mm theo ma tran sau

10 0
T(00h)=[0 1 0
0 0 335.809

Vay toa do diém M bay gio sé 14 :
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X X411 0 O
Yv | = Ya 01 0
Zy Zy 0 0 335.809

Sau khi x4c dinh duogc toa do diém M cua phép do, thi ta tién hanh so sanh toa do

diém M ly thuyét dé tim ra sai s6. Ta c6 thé tién hanh theo 2 phuong 4n sau.

Phuong 4n 1: Tinh sai s6 profine qua diém do.

Loai bo céac sb liéu khong hop 1é
= Tirtoa d6 diém M ta tinh ra dugc ban kinh twong tng Rm
= Loai bo céc sd liéu khong thoa ma diéu kién Ri < Rm < Re
- Cb dinh Z bang cach Lay Zq = Zi
~ LAy Xg = Xit 1am chuan — tinh yit— tinh ra sai s6 |yit- Yo = Ay
- LAy ya = yit lam chuén — tinh Xit— tinh ra sai s6 |Xit- Xd| = Ax

~  Danh gia sai s6 Ax va Ay

.

Hinh 4. 12 Thuét toan cua cach kiém tra.
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Phuong phép nay c6 do chinh xéac phu thudc vao sb lugng toa do diém ma chung ta
do. Do bé mit ctia banh ring 1a bé mit khong gian, sé luong diém 16n nén viée tinh toan

s& 1au. Hon nira do han ché vé s6 diém nén ta chi giai gan dung.
Phuong an 2: Panh gi sai s6 qua viéc so sanh bé mit 1y thuyét va bé mat thuc té.
— Loai b cac sé lieu khdng hop 18
» T toa do diém M ta tinh ra dugc ban kinh twong tng Rm
= Loai bo céc sd liéu khong thoa ma diéu kién Ri < Rm < Re
- Xay dung lai bé mit banh rang thong qua toa do diém da do dugc.
- So sanh bé mit banh rang thyc va bé mit banh rang Iy thuyét.
2. Xir Iy s6 liéu do.

Téc gia chon phuong 4n 1 dé kiém tra. Do khoi lugng giai quyét cia dé tai 16n nén

Téc gia s& trinh bay viéc danh gia sai sb profine ctia bién dang trai va phai cta 1 ring.
Kiém tra mit rang trai. Cac budc thyc hién nhu sau:
Xac dinh yi tir x do dugc xd Xit=Xd = Vit
Xac dinh xpt tir x do dugc yq Vit=VYd = Xit

Xac dinh sai s6 AX = |Xd - X|t|
AY =y, = Y

A = | AX? + Ay®

Xac dinh sai so

Xéc dinh sai sO tong

Xltzxd_)ylt} Xlt'ylt_>RIt:\/XI2t+yI%( Xlt:Xd_)ylt}
Yo =Ya = Xe) x,,y, >R, =yx2+y2 | Yu=Ya™Xy

Bang 4. 1 S6 liéu bién dang banh rang rotor trai

STT Xd Yd Xlt Yt AE AY A
1 93.675 | 188.39 | 93.521 | 188.56 | 0.154 | -0.177 | 0.235
2 93.99 188 |93.858 [ 187.81 | 0.132 | 0.184 | 0.226
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3 94.303 | 187.61 | 94.201 | 187.75 | 0.102 | -0.146 | 0.178
4 94.619 | 187.22 | 94.745 | 187.34 | -0.126 | -0.12 | 0.174
5 94.934 | 186.82 | 94.824 | 186.66 | 0.11 | 0.166 | 0.199
6 95.245 | 186.44 | 95.443 | 186.55 | -0.198 | -0.11 | 0.227
7 95.549 | 186.05 | 95.659 | 186.19 | -0.11 | -0.143 | 0.18
8 95.859 | 185.65 | 95.751 | 185.54 | 0.108 | 0.11 | 0.154
9 96.165 | 185.26 | 96.279 | 185.46 | -0.114 | -0.198 | 0.228
10 | 96.469 | 184.87 | 96.587 | 184.73 | -0.118 | 0.14 | 0.183
11 | 96.765 | 184.48 | 96.955 | 184.58 | -0.19 | -0.102 | 0.216
12 | 97.068 | 184.08 | 97.156 | 184.22 | -0.088 | -0.138 | 0.164
13 | 97.372 | 183.68 | 97.511 | 183.78 | -0.139 | -0.102 | 0.172
14 | 97.667 | 183.3 | 97.556 | 183.49 | 0.111 | -0.19 | 0.22
15 | 97.956 | 182.9 | 97.846 | 18299 | 0.11 | -0.098 | 0.147
16 | 99.418 | 182.12 | 99.562 | 181.97 | -0.144 | 0.146 | 0.205
17 1 99.674 | 182.09 | 99.494 | 181.97 | 0.18 | 0.115 | 0.214
18 199.988 | 181.02 | 99.878 | 180.84 | 0.11 | 0.177 | 0.208
19 | 100.25 | 181.09 | 100.13 | 180.97 | 0.126 | 0.121 | 0.175
20 | 100.54 | 180.28 | 100.43 | 180.18 | 0.11 | 0.103 | 0.151
21 100.8 | 180.07 | 100.67 | 179.94 | 0.129 | 0.136 | 0.187
22 | 101.09 | 180.07 | 101.28 | 179.93 | -0.19 | 0.142 | 0.237
23 | 101.35|179.57 | 101.54 | 179.44 | -0.19 | 0.126 | 0.228
24 | 101.61 | 179.06 | 101.72 | 178.93 | -0.101 | 0.132 | 0.166
25 |101.88|178.84|101.76 | 178.7 | 0.119 | 0.147 | 0.189
26 |102.14 | 178.13 | 102.27 | 177.95 | -0.124 | 0.182 | 0.22
27 |102.39 | 178.02 | 102.49 | 177.86 | -0.103 | 0.168 | 0.197
28 | 102.65| 177.2 | 102,52 | 176.94 | 0.122 | 0.261 | 0.288
29 110291 |177.19| 102.8 |177.01| 0.11 | 0.181 | 0.212
30 |[103.15|176.11 | 103.26 | 175.98 | -0.103 | 0.129 | 0.165
Bang 4. 2 S6 liéu bién dang banh rang phai
STT X Y Xt Ylt AX AY A
1| 11457 | 173.95| 11446 | 173.84| 0.101 0.11| 0.149
2| 114.33 | 174.36 | 114.44 | 17459 | -0.11| -0.232| 0.257
3| 114.68 | 174.78 | 114.48 | 17453 | 0.198 | 0.254 | 0.322
411453 | 175.28 | 114.72 | 175.47| -0.19| -0.198 | 0.274
5| 114.57 | 175.78 | 114.47 | 175.84 | 0.102 | -0.063 0.12
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114.62 | 176.27 | 114.76 | 176.35| -0.14| -0.082 | 0.162
114.69 | 176.74 | 11458 | 176.64 | 0.107 | 0.101| 0.147
114.74 | 177.25 | 11485 | 177.33| -0.11| -0.08| 0.136
114.83 | 177.74 | 114.71 | 177.85 012| -0.11| 0.163
10 [ 114.89 | 178.23 | 11469 | 178.4| 0.198| -0.172| 0.262
11| 11498 | 178.51 | 114.87 | 178.71 0.11 | -0.201| 0.229
12| 115.05 | 179.19 | 115.15| 179.28 | -0.101 | -0.089 | 0.135
13| 115.14 | 179.67 | 115.34 | 179.59 | -0.191 | 0.088 0.21
14| 115.24 | 180.18 | 115.32 | 180.35 | -0.086 | -0.168 | 0.189
15| 115.32 | 180.66 | 115.21 | 180.57 0.11( 0.096| 0.146
16 | 11542 | 181.14 | 11551 | 181.27| -0.09| -0.129 | 0.157
17| 11552 | 181.64 | 115.41 | 181.83 0.11( -0.19 0.22
18| 115.62 | 182.14 | 11555 | 182.25| 0.068| -0.11| 0.129
19| 115.72 | 182.61 | 115.57 | 182.47 0.15( 0.142| 0.207
20| 115.73 | 183.07 | 115.83 | 183.1| -0.097 | -0.029 | 0.101
21 115.89 | 183.36 | 115.94 | 183.58 | -0.048 | -0.222 | 0.227
22| 116.15| 184.08 | 116.06 | 184.18 | 0.089 -0.1( 0.134
23| 116.14 | 184.56 | 116.16 | 184.58 | -0.027 | -0.013 0.03
241 116.29 | 185.04 | 116.37 | 185.15| -0.082 | -0.104 | 0.132
25| 116.4| 185.53 | 116.43 | 185.72 | -0.033 | -0.191 | 0.194
26 | 116.53 | 186.02 | 116.54 | 186.24 | -0.01 | -0.218| 0.218
27 116.65 | 186.51 | 116.78 | 186.45 | -0.138 | 0.054 | 0.148
28| 116.77 | 186.99 | 116.71| 186.9| 0.061( 0.088| 0.107
29| 116.9| 187.47 | 116.79 | 187.66 | 0.108 [ -0.191 | 0.219
30| 117.02 | 187.96 | 117.24 | 187.88 | -0.218 | 0.082 | 0.233

||V

Tir bang két qua ta thiy giira bién dang banh rang rotor thuc té va bién dang banh
rang 1y thuyét c6 sai sd

Nguyén nhan cia sai s:

Sai s6 do may gia cong

Sai s do thiét 1ap ché do cat

Sai s6 do sai s6 ciia may kiém tra
4.6 Két luan chwong IV

Trong chuong 4, dua trén két qua thu duoc & chuong 3, Té4c gia da tién hanh gia
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cdng hoan chinh banh ring cén rang thang theo cac thdng sé thiét ké ban dau. Tir banh

rang da duoc gia cdng, T4c gia tién hanh kiém tra, danh gia banh ring d6 va thay rang ché

tao banh ring con ring thang bang phuong phap cua dé tai hoan toan chap nhan duoc.
Chuong 4 d3 trinh bay quy trinh céng nghé, phuong phap ché tao rotor dam bao

y8u cau vé do chinh xac dit ra.
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