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Phai x4c dinh r6 cic thong so ki thuit cua xe nang nhu tai trong nang to1 da, chiéu
cao nang, toc do nang/ha, va cac di€u kién lam viéc (moi truong, nhiét do)

Tim hiéu vé cac hé thong truyén luc ciia xe nang FDT30 bao gdm bom thuy lyc, van
diéu khién (van phan phdi, van an toan, van tiét lvu mét chiéu,..), xi lanh thay luc (xi
lanh nang, xi lanh nghiéng), dudng dng dan dau. Viéc lya chon phai can nhic dén hi¢u
sudt, chi phi va do bén.

Khi thiét ké mach thuy luc cho xe nang, cin dam bao cac chirc ning nhu nang/ha tai va
nghiéng khung ndng mot cach an toan va hiéu qua nén phai xem x¢t cac yéu t6 khi thiét
ké mach thuy luc nhu: Xac dinh cac chiic nang ma hé thong thuy luc can thuc hién va
cac ché do hoat dong cua xe (nang 1én khong/cé tai, ha xuéng khong/co tai,...), lua chon
bom thity luc, lwa chon van diéu khién va kiéu diéu khién, lya chon xi lanh thily lyc,
thiét ké bé dau dé chura dau dong thoi 1am mat va lang can.

Tinh toan thiét ké cac phan tir trong hé thong truyén dong thity luc, xac dinh yéu cau
dau ra nhu tai trong, toc do nang/ha, goc nghiéng; tinh toan duong kinh xi lanh duya trén
viéc chon ap suat lam viéc t6i da cua h¢ thong, tinh toan va xac dinh céac ton that ap suit
trén duong Ong dé xac dinh ap suét thuc t& ma bom phai tao ra dé chon loai va kich
thudc bom; thiét ké tinh toan van an toan.

St dung phin mém mé phong chuyén dung nhu Automation Studio, FluidSim,
Simscape Fluids dé kiém tra tinh logic ctia mach thuy Iyc nhu xem xét timg chirc ning
nang/ha c6 duoc diéu khién theo mong muén khong, dau cé di ding dudng va c6 xung
dot gitra cac van khi hoat dong tudn tu.

Thu thap cac két qua tir md phong dé phén tich va so sanh véi cac gia tri thiét ké; néu
¢ van d& can phén tich nguyén nhan goc ré van dé dé dé dua ra cach khic phuc 13i, ti
uu héa quy trinh trude khi thuc hién trén thuc té.



LOI NOI PAU

Trong nhitng nim gan déy, khi nén cong nghiép Viét Nam d3 va dang c6 nhiing tién bd
va thay d6i dang ghi nhan.Timg budc hoi nhidp nén kinh té trong khu vuc va trén thé
gidi. Tién trinh cong nghiép hoa c6 diéu kién thudn loi d6 1a tiép cn va str dung nhiing
thiét bi may moc hién dai. Dé dap Gng yéu ciu cho cong cudc phat trién kinh té, dat
nuéc thi xe chuyén dung 1a mot thiét bi khong thé thiéu duogc, trong d6 c6 ké dén xe
nang hang. Xe nang hang 1a mot trong nhitng phuong an giai quyét cong viée bdc xép va

dd nhiing may moéce, hang hoa ¢ khoi luong 16n & cac bén pha, cang, container.

Trong diéu kién hoan canh nudc ta nhu cau str dung xe nang 1a rat 1on nhung thyc té hau
hét xe chuyén dung ¢ nudc ta déu duoc nhap khau véi gia thanh cao. Chinh vi vay ddi
v6i sinh vién co khi n6i chung cling nhu sinh vién nganh 6 t6 noi riéng, khi ra truong
doi hoi phai ¢ hiéu biét rong ,nam viing kién thirc dé c6 thé tiép thu nhiing tién bo khoa
hoc k¥ thuat va ap dung khoa hoc k¥ thuat vao thyc té dé tir d6 c6 nhitng bién phap sira
chita hu hong va nghién ciru thiét ké ndi dia hod timg phan dén hoan chinh. Vi vay d6 an
t6t nghiép 1a tong hop nhitng kién thirc co s va chuyén nganh ma qua d6 gitip sinh vién

hiéu thém vé chuyén nganh ciing 1a mot bude tiép can thuc té xa hoi hon.

Qua nhitng 1i do trén ma dé tai “Thiét ké hé thong thuy luc cho xe nang hang” di duoc
PGS.TS. Lé Minh Pirc dong y giao cho em dé lam d6 an tot nghiép.

Sau mot thoi gian tim hiéu, nghién clru, lya chon cac thong sb tinh toan, dudi su huong
dan nhiét tinh va chu dao cta thdy cung toan thé cac thiy co trong bd mon 6 t6 va su ¢b
ging cta ban than dé tai ctia em di dugc hoan thanh. Vi ddy 13 1an dau tién thiét ké mot
dé tai co tinh qui mo, tinh thuc té cao, cong véi ban than kinh nghiém thyc té con nhiéu
han ché nén dd 4n cua em kho c6 thé tranh khoi nhing thiéu sot.

Em xin duoc bay to tim 1ong biét on ctia minh tdi thay da an can chi bao va huéng dan
ti mi trong qué trinh 1am d6 4n cua em va tap thé cac thay co trong bd mon dong luc

truong Pai hoc Bach Khoa — Pai hoc Pa Ning di gitp d& em trong qua trinh 1am d6 an.

Pa Nang, ngay ... thang ... ndam 20..
Sinh vién thyuc hién
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DANH SACH CAC Ki HIEU, CHU VIET TAT

KY HIEU:

Ghi chu:
- Ky hiéu: mdi myc ky hiéu gdm ky hiéu va phan tén goi, dién giai ky hiéu.
- Cum tir viét viét tit 1a cac chit cai va cac ky hiéu thay chir dugc viét lién nhau,
dé thay cho mot cum tir ¢6 nghia, thudng dugc ldp nhiéu 1an trong d6 an.



Thiét ké hé thong thity luc ciia xe ndng

MO DAU

Trong bdi canh cong nghiép hoa, hién dai hoa ngay cang phat trién, xe nang da tro thanh
mot thiét bj khong thé thiéu trong cac nha kho, bén cang, nha may san xuit va trung tim
logistics. Kha ning nang ha va di chuyén hang héa ning mot cach hiéu qua, an toan giup
xe nang toi uu hoéa quy trinh van hanh, tiét kiém strc lao dong va nang cao ning suat. Dé
dat dugc nhitng kha nang wu viét nay, hé théng thuy lyc dong vai tro 1a "trai tim" cua xe
nang, chiu trach nhiém tryc tiép trong vi¢c tao ra luyc va truyén dong dé thuc hién céc

thao tac nang ha, nghiéng cang va lai.

Do an nay tap trung vao viéc thiét ké hé théng thuy luc cho xe nang, mot linh vuc doi
hoi su két hop chat ché gitra kién thire 1y thuyét vé co hoc chét 1ong, truyén dong thiy
luc, diéu khién tyu dong va kha nang irng dung thuc tién. Muc tiéu ctia dd 4n 1a xay dung
mot hé théng thuy lyc hoat dong 6n dinh, hiéu qua, dap tng cac yéu cau vé tai trong,

toc do va dd an toan trong van hanh xe nang.

Viéc thiét ké hé théng thuy luc khong chi don thuan 1a lua chon céc linh kién ma con 1a
qua trinh phan tich k¥ ludng cac thong so k¥ thuat, tinh toan cong suét, ap suat, luu
lugng, va dam bao sy phdi hop nhip nhang giita cac bo phan nhu bom, van, xi lanh va
cac dudng 6ng dan. Pong thoi, dd an cling s& xem xét dén cac yéu t6 vé hiéu suit ning
lugng, kha ning béao tri va tudi tho ctia hé thong, hudng téi mot giai phap tdi uu va bén

virng.

Théng qua d6 4n ndy, em hi vong s& dong gop vao viéc nang cao hiéu biét vé nguyén ly
hoat dong va k¥ thuat thiét ké hé thong thuy lyc trén xe nang, tir d6 1am nén tang cho

viéc phat trién nhimng thé hé xe nang hiéu qua va tién tién hon trong tuong lai.

SVTH: Phan Minh Tri¢u Hudng dan: PSG.TS. Lé Minh Dirc 1



Thiét ké hé thong thity luc ciia xe ndng

Chuong 1: GIOI THIEU TONG QUAN XE NANG HANG

1.1 Cong dung va pham vi hoat dong
1.1.1. Cong dung:

- Su phat trién manh mé cua khoa hoc k¥ thuat va sy tang trudng cua nén kinh
té thi sy lwu thong hang ho4 tré 1én quan trong.Cung véi cong nghiép hoa dat
nuée thi viée trang bi may moéc thiét bi cong nghiép 13 hét sirc can thiét. Trong
qua trinh van chuyén, 1ip dit c6 nhitng cong viéc ma con ngudi khong thé
tryc tiép dung strc dé thuc hién dugce. Chinh vi thé ma xe nang dong vai trd
cuc ky quan trong. N6 giup con ngudi thuc hién cac cong viéc ndng nhoc nhu:
bbc xép van chuyén hang hod theo xu hudéng nhanh gon, ting ning suat.

1.1.2. Phgm vi hoat dong:

- V&i nén kinh té ngdy cang phat trién thi xe nang ciing phai c6 nhiing cai tién
sao cho phu hop véi tinh chiat cong viéc. Do vay pham vi hoat dong ciing
ngdy cang mo rong. Khong chi sir dung xe nang trong cac bén cang, bai boc
xép, trong linh vuc xdy dung, trong cac cong ty, nha may ma xe nang con phai
dap mg yéu cau vé nhanh gon thich nghi véi moi diéu kién khong gian, dia
hinh phuc tap. Bén canh d6 chung loai, kich c& xe phai da dang. Cung véi
chu truong ctia nha nuée nham phat trién ving sau, ving xa, xay dung cac co
so ha tang thi xe nang cang c6 pham vi hoat dong rong toc d6 nang hang, dja
hinh [am viéc tuy thudc vao yéu cau thyue t& va muc dich sir dung.

1.2 CAu tao chung ciia xe nang hang

- Xe ning hang chinh 1a mot loai xe chuyén dung phuc vu vao viéc van chuyén
bdc xép nang ha hang héa. Vi thé xe nang van mang nhiing nét dic trung
chung cta 6 t6 nhu so d6 sau:
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Hinh 1.1 So do bé tri xe ndng hang

1. Cangnang; 2. Hop nang; 3. Xilanh diéu khién d¢ nghiéng khung; 4. Khung ngoai;
5. Xilanh nang; 6. V6 lang; 7. Ghé ngdi; 8. Vo xe; 9. Cau sau; 10. Cau trude.

1.3 Céc hé théng truyén lyc ciia xe ning

e Hgé thong truyén lyc bang dién:

Hinh 1.2 So dé hé thong truyén luc bang dién

1. Ac qui; 2. Bién trg; 3. Méto dién; 4. Cac banh xe cha dong; 5. Cau chu dong
- Nguyén li hoat dong: Khi mé khéa dién dong dién tir dc quy dén bién tré dén
md to dién di dén ciu chu dong, tdc do cua xe phu thudc vao vi tri cta bién
tro.

- Uu diém: Kich thudc nho gon, truyén dong ém diu.
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Thiét ké hé thong thiy luc ciia xe ndng

- Nhuoc diém: Thoi gian sir dung kém, trong qua trinh lam viéc phai nap dién
lién tuc nén d6 bén 4c quy s& khong duoc cao.

e Hg¢ thdng truyén dong bang co khi

O | I - ¢
O

3

Hinh 1.3 So do truyén luc bang co khi

1. Pong co nhiét; 2. Li hop; 3. Hop s6; 4. Cac dang; 5. Cau chu dong; 6. Cac banh
xe chu dong
- Nguyén li hoat dong: Dung dong co nhiét din dong hé thong truyén lyc.
Ngudn ning lugng tir dong co dbt trong truyén qua li hop dén hop sé truyén
qua cau cha dong théng qua truc cc ding.
- Uu diém: Hiéu suét cta hé théng truyén luc cao, d& van hanh va stra chira.
- Nhuoc diém: Gay tiéng 6n 16n, két ciu phuc tap.

e Hé thdng truyén lyc thuy dong

a

O—+0O
_/ D
b 6

Hinh 1.4 So do hé thong truyén lyc thity dong

1. Pong co; 2. Li hgp thuy luc hodc bién mé thuy luc; 3. Hop sb6 co khi; 4. Cac
dang; 5. Cau chu dong; 6. Cac banh xe chu dong
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Thiét ké hé thong thity luc ciia xe ndng

- Nguyén li hoat dong: Cong suit dugc truyén truc tiép tir dong co dén bién mé
thity luc (hodc li hop thity luc) dén hop s6 co khi dén cau chu dong.

- Uu diém: Truyén dong ém diu hon truyén luc co khi, diéu khién nhe nhang.

- Nhuoc diém: Két cdu phirc tap, gia thanh cao.

e Truyén lyc thé tich

C )

Hinh 1.5 So do hé thong truyén luc thé tich

1. Pong co nhiét; 2. Bom thuy luc; 3. Co cu diéu khién dong chit long; 4. Dong

co thuy luc; 5. Truyén lyc chinh; 6. Banh xe chu dong

- Nguyén 1i hoat dong: Pong co nd kéo bom thity luc quay, khi xe dimg yén
dau qua co cdu diéu khién vé thung, khi xe chay tién hay lui phy thudc vao co
cAu diéu khién chat 1ong, dong co thuy luc quay kéo cau chu dong quay theo.

- Uu diém: Truyén dong nhe nhang va ém diu, giam stc lao dong ngudi li

- Nhuogc diém: Gia thanh cao, chi phi stra chita va bao dudng cao, két cau xe
phuc tap

% K&t luan: Qua phan tich cac phuong an truyén lyc nhu trén, dé dam bao xe thiét ké
c6 gia thanh thap lam viéc 6n dinh, chi phi cho van hanh stra chira va bao dudng 13 thip
nhat; phu ting thay thé sin c6 va d& kiém ré. Ta lya chon phuong an truyén luc co khi

1a phwong 4n s 2.
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Chuong 2: TONG QUAN XE NANG DAU KOMATSU FD30T

2.1 Gi6i thiéu so lwge vé xe nang, cong dung

2.1.1 So lwge vé xe ndng Komatsu FD30T

Xe nang dau Komatsu hién dang dugc st dung rong rai tai cac nha may tai
Viét Nam. Xe dugc trang bi dong co Diesel tir thuong hi¢u noi tiéng cua Nhat
Ban. Dong co mang lai cho nguoi van hanh cam gidc hoat dong manh mé
nhung ciing khong kém phan ém 4i, d& chiu. Ngoai ra dong co cac hé thong
tién tién gitp cho xe c6 dugc hiéu suit tiét kiém nhién liéu va tudi tho dong
CO cao.

Ngodi ra céc tién ich trén xe nhu: ghé 1ai, bang diéu khién, hé thong chiéu
sang,...déu duoc cai tién mang lai cho ngudi dung trai nghiém lai tot hon.
cao nén canh tay don véi tim quay ctia co cdu nang 16n nén dudng kinh xi

lanh ¢6 thé 1am nho hon so voi loai dit phia duéi.

2.1.2 Cong dung

FD30T duoc trang bi hé thong ning ha bang thity luc. Mang lai cho xe mot
hiéu suat lam viéc cao (tai trong tdi da 1én dén 3,5 tan). Giup xe c6 thé lam
viéc linh hoat vi cac lugng hang hoa nang trong cdc moi truong Cong nghiép
nhu: nha may, cang bién...

FDT30 con duge trang bi khung ning gom 2 khung thép thang dung, gitip
cho qu¥y dao lam viéc dugc tdi uu — chiéu cao nang ti da c6 thé 1én dén 3 mét
2.

2.2 Céu tao, nguyén li lam viéc ciia hé thong thiy lue trén xe nang Komatsu FD30
2.2.1 Bom thuy lyc

Bom thuy lyc xe nang 1a mot loai thiét bi co khi duge ung dung nhiéu trong
hé thdng cac xe nang. Tac dung chinh cua thiét bi ndy 1a chuyén héa ngudn
nang lugng & truc dong co dé hé thong thiy luc c6 thé hoat dong duoc.

Tuy theo tirng dong co, loai may s€ cé nhiitng bom thuy lyc khac nhau. Xe
nang dau Komatsu FD30T thudng st dung bom thuy luc loai bom piston
huéng truc dé tao ap luc thiy lyc can thiét dé nang va ha tai trong. vi ching
c6 hiéu suat cao va kha nang lam viéc 6n dinh trong cac ung dung yéu cau ap

luc thuy luc cao.
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Co cau chinh lvu Cum (block)  Pia Bich sau
Dia nghiéng. lwong ty dong piston-xilanh. phén phoi cua bom

Co cau co khi

) ( l.' ""' RRE— | Ch,nh dat dla

Vo thian bom.

Truc bom.

'._

Hinh anh mé ta
su lam viéc cia
bom piston hwong
truc diéu chinh
diwgc luu lieong.

Hinh 2.1 Cau tao ciia bom piston hwéng truc

- Nguyén li: Truc ctia bom sé& ndi v6i dong co motor. Cac piston s& dugc bd tri
trong khoang bom. Céc dau piston lap ti vao dia nghiéng. Khi motor quay s&
lam tryc bom quay va lam cac piston trong bom quay theo. Pia nghiéng
ngiéng mot goc nén s& lam cho piston chuyén dong tinh tién trong khoang
bom.

Trong nira vong quay dau tién, cac piston s& bién d6i khoang cach dé tao nén
khoang tréng bén trong bom 1am giam ap suat va hat dau/chat 1ong thuy luc
di vao. Tiép ntra vong quay con lai, piston s& chuyén dong dé thé tich trong
bom giam di, ddu va chét 16ng bi ép ra ngoai véi mot ap nhét dinh. Va do két
nbi voi motor nén khi motor quay vai nghin vong trén mot phut thi luong dau
hat va day ra lién tuc rat 16n.Khi thay doi goc ghiéng cua dia nghiéng ciing
1am thay d6i luu lugng trén mot vong cua bom tir d6 lam thay déi luu luong
bom.

2.2.2 Van diéu khién thiy lyc

- Van diéu khién thity Iyc trén xe c¢6 chitc ning kiém soat va diéu chinh ap luc

dé thyc hién chirc ning ning ha, quay thung hang va cac chirc ning khéc cia

X€.
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Hinh 2.2 Cum van thuy luc cua xe

2.2.3 Hé thong cdc xilanh thity lyc
- Hé thdng cic xi lanh trén xe nang hang 1a mot phan quan trong ctia hé thong

thuy luc, dugc su dung dé thuc hién cac chuc nang nhu nang, ha, nghiéng

thung hang,....

Roller Chain

—]
\
N\

~_ Hydraulic
Cylinders

Hinh 2.3 Cau tao hé thong ning

2.2.3.1 Xilanh nang
Xy lanh nang co6 tac dung nang hoac ha khung va cang nang, xi lanh nang

thuong dugc tro luc bﬁng thuy luc va chi déy theo mot chidu. N6 1a mét xi
8
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Thiét ké hé thong thity luc ciia xe ndng

lanh chi day theo mot hudng, van diéu khién hudng chat 16ng dén xi lanh khi
dat & vi tri nang.
- Khi van diéu khién duoc dua vio vi tri ha thap, trong luong cua thiét bi thang

dtng, co tai hodc rong s& ép chat 1ong tré lai qua cac dudng hdi vé bé chua.

Hinh 2.4 Xi lanh ndng cua xe

2.2.3.2 Xi lanh nghiéng
- Xylanh nghiéng twong ty nhu xylanh nang, tuy nhién n6 diéu khién chuyén
d6ng nghiéng clia xe va goc ciia khung ning so voi mat dat. Noi mot cach don
gian, xi lanh nghiéng kiém soat lwong ma xe nang c6 thé nghiéng ra khoi vi
tri thang dung, tién hodc 1ui.
- Xylanh nghiéng 14 xi lanh thuy luc tac dong kép, c6 nghia 13 n6 c6 thé vira
day vira kéo tai trong ctia nd. C6 hai xi lanh nghiéng trén xe ning, két ndi cac

duong ray c¢b dinh bén trai va bén phai ciia cum thang duing véi khung.
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Hinh 2.5 Xi lanh nghiéng

2.2.3.3 Puong ong thiy luc
- Hé théng duong dng thuy luc trong xe nang 1a mot phan quan trong dé truyén
tai dau thuy luc tir bom va van dén cac xi lanh va cac phan khac cua hé thong.
Puong 6ng thuy luc phai dugc thiét ké dé chiu ap luc va dong dau thay luc
ma hé thong thuy luc tao ra.
- Céc 6ng dau thay luc thuong duoc lam bang cao su gia ¢b hoic cac loai vat

liéu chiu &p luc cao.

Hinh 2.6 Ong dan thity lic
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Chuwong 3. THIET KE HE THONG TPTL XE NANG HANG

3.1 So' @6 mach xe ning

N
N
: %Ll@*

111
?ﬁa@
14 4
5

11

Hinh 3.1 So do thiy lic co cdu ndng hang

1. Xilanh nghiéng; 2. Van mot chiéu; 3. Xi lanh luc nang; 4. Van tiét luu c6 diéu khién
cta xi lanh nang; 5. Van phan phéi diéu khién xi lanh nang; 6. Van mét chiéu; 7. Van an
toan; 8. Bom thuy luc; 9. Bo loc dau thuy luc (loc thd); 10. Chit 1ong cong tac; 11.
Thung chtra nhién li¢u; 12. Van an toan; 13. B0 loc dau thuy luc(loc tinh); 14. Van phan
phdi diéu khién xi lanh nghiéng; 15. Van mot chiéu; 16. Van tiét luu c6 diéu khién cta
xi lanh nghiéng; 17. Van chéng khoa 1an
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3.2 Chirc niing tong quat ciia cac chi tiét

1. Bé dau: Chira dau thily lyc cua hé thong

Loc dau: Loc sach dau truée khi dua vao hé théng. Tranh tinh trang gdy hao mon,

ket co cdu chdp hanh

Bom thuty Iyc: Tao ap suat dau trong hé thong, phan phdi dén co cu chap hanh

4. Van an toan: Pam bao ap suit trong hé thong khong vuot qué gié tri cho phép

7.

Van phan phdi 4/3: Piéu khién va phan phdi dong dau dén céc xi lanh dé thuc

hién chirc nang nang ha

Van tiét lvu mot chidu: Kiém soat luu luong cua dong dau trong hé thong, didu

chinh tdc d6 nang ha tai theo yéu ciu sir dung

Xi lanh: Co cdu chap hanh chinh ciia hé théng giup nang ha hang

3.3 Nguyén li hoat dong

1. Ché d6 nang tai

Dau thuy luc dugc bom piston hut tir bé dau qua bo loc dau dé di dén van
phan phbi 4/3 dé diéu khién hudng dong dau. Dong dau di qua cong P-A tdi
van tiét luu mot chiéu, tai day dau duoc chia déu qua 2 nhanh va bi chan véi
van mot chiéu, dau di chuyén qua van tiét luu va kiém soat luu luong sao cho
phtt hop véi yéu cau sir dung, dau di vao cira dudi cia xilanh, ap suat cao day
piston di 1én qua co c4u con lan khung ning s& duoc nang 1én. Dong dau phia
trén xi lanh dugc xa di chuyén theo cong B — T clia van phan phdi va tro lai

bé dau.

2. Ché do ha tai

Dau dugc bom piston day dén van phan phdi 4/3 sau d6 di chuyén qua cong
P-B dén ctra trén xi lanh dé day piston di xudng. Dong dau phia dudi xi lanh
di chuyén qua van tiét luu 1 chiéu, tai day dau di chuyén qua van mot chiéu

di dén cong A-T cua van phan phoi va trd vé bé dau.

3. Céc ché do dic biét

Khi ap suat trong h¢ thong qua tai: van an toan s€ dugc mé dau s€ duogc di
chuyén qua van an toan va tr¢ vé bé dau.
Khi bom hoat dong ma chua nang, ha cau: Dau sé dugc bom dén cong P-T

ctia van phan phdi 4/3 va dua trd lai bé dau.
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Chuwong 4. TINH TOAN THIET KE CAC PHAN TU TRONG HE THONG
TRUYEN PONG THUY LUC

4.1 Nhiém vu, két ciu ciia xilanh truyén dong
4.1.1 Nhiém vu cua xilanh thuy lyc
- Chuyén dbi ngudn ning lugng tir chit 1ong thiy luc thanh dong ning co hoc
- Nhiém vu cta xi lanh truyén dong trong xe may nang 1a chuyén héa ning
lwong dau cao ap dugc van chuyén tir bom chuyén dbi thanh dong ning nham
tao ra luc & dau can dé thuc hién cac chirc nang nang — ha hang hoa.
4.1.2 Két cau ciia Xi lanh thiy lyc
- Xi lanh thay lyc c¢6 ciu tao phtrc tap gom rat nhiéu bd phan, nhung cé cac chi
tiét n6i bat nhu: piston thuy luc, 6ng xi lanh, dé (nép) hinh tru, dau xi lanh,
thanh piston, vong seal,..

N
G 1. Théan
2,3.  Mat bich hong
4. Can piston
. 5. Piston
/ 6. O truot
. g 7. Vong chin dau
~ = 8. Vongdém
\\\\\\E 9. Tam nodi
10,14. Vong chin binh
\\\s 11.  Vong chan piston

//
/?/
1//;

12,17. Ong néi

l\\\\\ ANERRRNRRRANANY

9]

13.  T4m din huéng

A
Y

14.  Vong chin O

b

15. Daidc

, . 16. Vitvan
Hinh 4.1 Cau tgo xilanh tdc dung kép co can piston mot phia
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Céc chi tiét chinh cua xilanh thuy luc c6 cac chiic nang sau:

4.1.3

Ong xi lanh: Noi chtra piston thity ¢6 chitc ning dinh huéng chuyén dong cua
piston

Dau va duéi xi lanh: La nip ddy cho hai mit cua xi lanh, trong d6 dé dugc
thiét ké nbi lién véi than cua xi lanh thong qua viéc gian bu 16ng hodc han xi,
dau duoc ndi véi xi lanh thong qua thanh tie hoic bu long

Can piston: La by phan ¢d dinh véi piston ¢6 nhiém vuy truyén luc co hoc do
piston chuyén dbi ra bén ngoai

Piston: La bo phan hinh dia chuyén dong qua lai trong dng xi lanh, dau thay
I 4p sudt cao s& tic dong vao piston dé thuc hién chuyén d6i ning luong
chét 1ong thanh co ning

Vong chan dau: Giup cho dau thity lyc khong 10 ri ra bén ngoai

Tam dan huéng: Chiu mai mon giita dng xi lanh va piston

Ngoai cac thanh phan chinh trén, trong cdu tao ctia mot xilanh thuy luc con
cO: vit ran, bac dan, bu long, mat bich,...Cac chi tiét phu nay sé dugc lép dat
mot cach chat ché vdi cac thanh phén chinh dé tao nén mot xi lanh thuy luc

tong thé

Nguyén li lam viéc cua xilanh thuy lyc

| P
I J | ——t
]| ]| advancing
Fluid paraped in Fluid flows out
at pressure P at low pressure
| F
| |
] ] [ | emeiing

v

Flnd flows out

at low pressure

Flud purnped i

at pressure P

Hinh 4.2 Nguyén Ii lam viéc cua xi lanh thiy lyc

- Xi lanh thity lyc trong hé thong truyén dong thiy lyc trén may nang c6 nguyén

SVTH: Phan Minh Triéu

tac hoat dong hai chiéu khi ta cap dau cao &p mot dau thi piston sé c6 chiéu

chuyén dong vé phia dau bén kia, chang han nhu khi ta cip dau cao ap phia
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bén phai piston thi luc ddy do ap ning cua diu tac dung 1én bé mat tiép xuc
clia piston v6i dau cao ap s& day piston chuyén dong vé phia bén trai, dau
trong khoang phia bén trai piston s& duoc dan vé thung chira. Néu ma ta dong
van phan phdi thi hai bén piston déu c6 dau cao ap va déu tac dung luc 1én
piston, dau cao ap khong dugc cap thém va khong duoc thoat di nén piston sé
dung yén va khong di chuyén.
4.1.4 Phan loai

- Xi lanh thuy lyc duoc chia lam 2 loai: Xilanh lyc va xilanh quay. Trong xilanh
Iic, chuyén dong tuwong d6i giira pit téng véi xilanh 14 chuyén dong tinh tién.
Trong xilanh quay chuyén dong twong ddi giita pit tong véi xilanh 1a chuyén

dong quay, goc quay thuong nhé hon 360°

Xilanh
I
I |
Theo cau tao Theo lap rap
| | = .'|- P
Xilanhdon | | Xilanhkép | |Xilanhvi sai Lap char than
_— ] | -1 ¥ - :| 77 T r 1 | | | -
Lutve ngoai tyc  Lut ve vy iwe  Tac dung don
I | | =
L1 L1 |
| - T - r
1 ! | Lapc r"ﬂ“ mdt bich

| - | -

Luivéloxo  Cogiamchan  Tac .:Mﬂ.g kép

l Efﬁrl:,‘: _E: °’i

| Lap mm duege
Tac dung hai phia

. ,ﬂ:ﬁ)

Xilanh quay Ldp ga ¢ mot dau xilanh
| |
E\-‘r . T
X
-4 A .
AL

Hinh 4.3 Phdn logi xi lanh thuy lyc
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= Tu nhitng phan loai cac xi lanh trén va théng qua so d6 thity luc ta chon loai xe
nang tham khao Komatsu FD30T va ta tinh chon xi lanh tac dung kép khong co
giam chan cudi hanh trinh, dua trén chat long 1am viéc tac dong vao hai phia cua

piston tao ra chuyén dong tinh tién hai chiéu.

Hinh 4.4 Xi lanh tdc dung kep khéng cé gidm chan cudi hanh trinh va ki hiéu
4.2 Tinh toan xi lanh thuy luc

4.2.1 Xdc dinh théng sé cia may ning
- Dua theo xe tham khao Komatsu FD30T-17, ta ¢6 cac thong s sau:

+ Tai trong toan by may nang: 4310 Kg
+ Tai trong nang cua may: 3000 Kg
+ Ap suat dau 1am viéc trong hé thong p = 130 (Kg/cm?)
4.2.2 Tinh chon duong kinh xi lanh va piston

- Theo tai liéu Gido trinh Hé thong diéu khién bang thiy luc — Ly thuyét va cac

g dung thyc té thi dé piston bat dau chuyén dong ta c6 diéu kién sau:
F>F_+F,+F, (4.1)
- Vo6i F;: Trong luc, F; =m X g = 4310 X 9,81 = 42281,2 (N)

- F, va Fy 1a luc gia toc va luc ma sat s& bo qua trong qua trinh tinh toan vi gia

tri nhé

SVTH: Phan Minh Tri¢u Huéng dan: PSG.TS. Lé Minh Purc 16



Thiét ké hé thong thity luc ciia xe ndng

= Viy piston s& chuyén dong dugc khi F, > 42281,2 (N)

A A,

y Vi _""F[
TV . 1 —
D m

Hinh 4.5 So do tinh todn xi lanh lyc
- Dién tich lam viéc cua piston
+ Ta c6 cong thure tinh dién tich lam viéc khoang A1 cua piston

F

‘
A=

pxn
- Trong d6: A,: Dién tich tiét dién piston (cm?)

F;: Luc (KN)
p: Ap suat dau lam viéc (Kg/cm?)
n: Hiéu suét (%)
- Dua vao bang 3.5 trang 103 tai li€u [12], ta co thé dya vao xu hudng va chon
n bang 92%.
- Nén tiét dién cua piston:

42281.2% 10-3
1 130% 0,92

x 10%= 3535,22 (cm?)

- Puong kinh trong cta xi lanh va can xi lanh

2
+ Ta c¢6 duong kinh trong cta xi lanh: 4; = m;d
5 XA, [4x3535,22 i6u chudn d =
Nén ,;_ _ 122 67,1 (mm) chon theo tiéu chuan d = 80
T T

(mm)
+ Ta tinh dudng kinh can xi lanh theo cong thirc sau: ¢ .=(0,40+0,60) d

Nén duodng kinh can xi lanh d, = 0,4 x 80 = 32 (mm), chon d, = 35 (mm)

SVTH: Phan Minh Tri¢u Huéng dan: PSG.TS. Lé Minh Dtic 17



Thiét ké hé thong thity luc ciia xe ndng

4.2.3 Chon xi lanh
4.2.3.1 Chon xi lanh ndng, ha
- Tham khao tai li¢u Truckmanualshub.com Komatsu FD-, FG-series Forklifts
Shop Manual ctia xe tham khdo Komatsu FD30T-17 ta chon xi lanh nang ha
loai huloMech — Hai dau &c vong bi (MP5) ki hiéu HULOMPS5-
B80RS0SXXX vai hanh trinh 1300 (mm)

f~—60 Hanh trinh + 60mm ———————————=1+—55 |
g I
) 2:M18x1.5

huloMECH &

M33x2 -
R45 3

| |

\gao
120 T Hanh trinh + 175mm ———————————————==—55 *{ —M33x2
‘ Dong: Hanh trinh + 350mm /
Md: Hanh trinh x 2 + 350mm 1

LUU ¥: Vi dy hanh trinh can sif dung 1 300mm thi:

* Khoang cach giira 2 tam bac trén xi lanh khi chua hoat dong (Béng) = 300mm+ 350mm = 650mm

* Khoang cach giifa 2 tam bac trén xi lanh khi di hét hanh trinh (M&) = 300mm x 2 +350mm = 950mm

Chiing ta co thé thay thé hanh trinh can st dung véo dé ra duok kich thudc chiéu dai cua xi lanh. Con cac kich thude
khac gidng trén théng so ban vé.

Hanh trinh + 435mm

XI LANH THUY LUC 8 TAN, HAI DAU AC (MPS)

MSP: HULOMP5-B8OR50SXXXX Piston: 80mm Rod: 50mm

Tinh lictai dp sudt: |  Tinh v tal ap sudt: | Tinh Iuc tal ap suat: | Tinh luc tai ap sudt:
10Mpa (100bar) 16Mpa (160bar) 21Mpa (210bar) 25Mpa (250bar)

lcddy | Luckéo lcddy | Luckéo | Lucddy | Luckéo | Lucddy Luc kéo

5.27Tan | 3.2Tan | 8.47Tan| 51Tan | 11Tan | 6.7 Tan /‘

Hinh 4.6 Ban vé xi lanh ndng ha thuy luc

Ap suat kiém

Thai gian sén tra (Testing 21Mpa/210bar
Xuat va giao 10 - 15 ngay Pressure)
hang
Ap suat lam
viéc (Working 16Mpa/160bar
Xuat xdr HULOMECH Viét Nam Pressure)
DPudng kinh
Luc day/kéo . &ng (Tube 92/80mm
ta‘i 10I\:pa 52/32 tén Diameter)
DPudng kinh
=, A piston (Piston 80mm
:;ﬁ :::;‘:eo 8.4/5.1 tan Diameter)
Dudng kinh ti
- . (Rod S50mm
Luc day‘{ kéo 11/6.7 tar Diameter)
tai 21Mpa /6.71tan
Tay chon téi 4000mm, 100mm,
- P 150mm, 200mm, 250mm,
Toe dg lam Hanh trinh 300mm, 350mm, 400mm,
viéc tGi da (Salr:oke)ln 500mm, 600mm, 700mm,
(Max working 0.5m/s 800mm, 900mm, 1000mm,
1700mm, 1200mm, 1300mm,
speed) 1500mm

Hinh 4.7 Théng sé ciia xi lanh ndng
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Thiét ké hé thong thity luc ciia xe ndng

4.2.3.2 Chon xi lanh nghiéng
- Tham khao tai li¢éu Truckmanualshub.com Komatsu FD-, FG-series Forklifts
Shop Manual ctia xe tham khdo Komatsu FD30T-17 ta chon xi lanh nang ha
loai huloMech - Hai dau dc vong bi (MP5) ki hiéu HULOMP5-B80R50S XXX
v6i hanh trinh 200 (mm)

|+~40-++————————Hanh trinh + 30mm 40
( ‘ 2-M18x1.5—~_

huloMECH &
B20—
‘Li 85 ! Hanh trinh + 110mm % 35

Déng: Hanh trinh + 230mm ﬂ
! Md: Hanh trinh x 2 + 230mm 1

N @ M22x15
\g20

LUU Y: Vi du hanh trinh can sif dung Ia 300mm thi:

* Khoang cach gilra 2 tam bac trén xi lanh khi chua hoat déng (B4ng) = 300mm+ 230mm = 530mm

* Khoang cach giiia 2 tam bac trén xi lanh khi di hét hanh trinh (M&) = 300mm x 2 +230mm = 830mm

Chung ta cd thé thay thé hanh trinh cn su’ dung vao dé ra duoc kich thudc chiéu dai cua xi lanh. Con cdc kich thutc
khdc giong trén thong so ban ve.

Hanh trinh + 286mm .

XI LANH THUY LUC 3 TAN, HAT DAU AC (MPS)

MSP: HULOMP5-B50R28SXXXX Piston: 50mm Rod: 28mm

Tinh Iyc tai dp sudt: Tinh lyc tai dp sudt: | Tinh lyc tai dp sudt: | Tinh luc tal 4p sudt:
10Mpa (100bar) 16Mpa (160bar) 21Mpa (210bar) 25Mpa (250bar)

lucddy | Luckéo | Lycddy | Luckéo | Lucddy | Luckéo | Lucddy | Luckéo

20Tan| 1.4Tan| 3.3Tdn| 22Tén| 43Tan| 2.9 Tan P

Hinh 4.8 Bdn vé xi lanh nghiéng

L, " Ap suit kiém
Xuat xu HULOMECH Viét Nam tra (Testing 21Mpa/210bar

Pressure)

Luc dé’yfkén Ap suat lam

. 2.0tan/ 1.4 tén viéc (Working 16Mpa/160bar
tai 10Mp3 Pressure)
Pbudng kinh
Luc day/kéo . . ang (Tube 60/50mm
; Y 3.3tan/ 2.2 tan Diameter)
tai 16Mpa
Pbudng kinh
piston (Piston 50mm
Lue dﬁwrkéu Diameter)

tai 21Mpa 4.3tan/ 2.9 tén

Pudng kinh ti
(Rod 28mm
Diameter)
Toc do lam
cn e Tuy chon toi 4000mm, 700mm,
viéc t6i da L 200mm, 300mm, 400mm,
. 0.5m/s Hanh trinh
(Max worklng (Stroke) 500mm, 600mm, 700mm,
800mm, 900mm, 1000mm,
SpeEd) 1100mm, 1200mm, 1500mm

Hinh 4.8 Céc théng s6 xi lanh nghiéng
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Thiét ké hé thong thity luc ciia xe ndng

4.2.4 Xadc dinh heu heong va cong sudt
4.2.4.1 Xi lanh ndng ha

e Luu luong can cung cap trong hanh trinh nang duoc tinh bang cong thirc sau
[
- 4.3
Q]—A]xv[ph] (4.3)

- V6i Q;- Luu luong can cung cip trong hanh trinh cong tac, v — Van toc nang
tai trong hanh trinh cong tac, A; — Dién tich Iam viéc cua piston

- Dua vao tai liéu tham khéo thi ta toc do nang tai cua xe 1a Vmax=v =515
mm/s nén luu lugng qua xi lanh khi xe 1am vi¢c la

zx 802 3

mm
ph

= B qua r0 ri khong dang ké, luu luong khi di qua bom dé dén co ciu chip

Q,=060x515x =]55320340,8(

!
)~155(p—h)

\ \. l
hanhla: g = (1,71+1,2)0,=1,15x 155 =178, 25 ( )
p

- Luu luong can cung cap cho hanh trinh cong tac ha dugc tinh bang cong thirc:
0 2 =A L XV

- V6i Q, — Luu luong can cung cip trong hanh trinh cong tac, v — van toc ha

tai trong hanh trinh cong tac, A, — Dién tich lam viéc cta piston

. ax (D?-d? xx ( 80% - 502
- Mapg = ( ) = ( ) =3063, 05 (mm?)
2 4 4

- Duya vao tai liéu tham khao thi ta toc do ha tai cta xe 13 v =420 mm/s nén luu

lugng qua xi lanh khi xe lam viéc 1a

3 l
= 0.=3063,05% 420x 60= 77188931.5 (’"’" ) = x77(—)
2 ph ph
- Cong suat ctia co cau chap hanh
F xv

_ 4.4
N= —3 [kW] (4.4)

+ Trong d6 F, — Luc nang tai trong can thiét (N)

v — Van tdc nang trong hanh trinh cong tac (m/s)
= Nén v 42281,2 x 0,515
107
- Cong suit thuy luc

=21, 7 [kW]

pxQ,
600
+ Trong d6: p — Ap suat dau 1am viéc trong xi lanh (bar)

P= [kW] 4.5)

Q1- Luu lugng cong tac nang (1/ph)
130x155 _ 53 59 kW)

- NénP =

4.2.4.2 Xi lanh nghiéng
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Thiét ké hé thong thity luc ciia xe ndng

- Dua vao tai li¢u ctia xe tham khao Komatsu FD30T ta c6 thoi gian dé xi lanh
nghiéng thyc hién qué trinh day 1a 3 gidy, v6i thong s6 hanh trinh ctia piston
da chon 13 200 (mm), ta c6 dugc van tdc chuyén dong trong hanh trinh cong
tac:

Vinax = =2 = 66,67 (mm/s) = 4000 (mm/ph)

- Luu luong cong tac day

I
0=, % v =] (4.6)

- V6i Q4- Luu luong can cung cép trong hanh trinh cong tac, v — Vén toc day
tai trong hanh trinh cong tac, A; — Dién tich Iam viéc cua piston

. axD? gx502
- Mag = == =1963,5 (mm?2)

! 4

mm?3 [
~ 78 (—)
ph ph

Q,=AXv

= Nén g =1963,5x 4000=7854000 (

- Luu luong cong tac kéo

- V6i Q, — Luu luong can cung cap trong hanh trinh cong tac, v — van toc kéo
tai trong hanh trinh cong tac, A, — Dién tich lam vi¢c cua piston
ax (D2=d? X (502—1282)

- Mag =
2 4

=1347,74 (mm?)

> Né mm? {
N g =1347,74 x 4000=5390972.,9 ~54(—)
2 ph ph

- Cong suit co cau chap hanh
F Xv

N= [kW] (4.7)

103
+ Trong d6 F, — Luc nang tai trong can thiét (N)

v — Van toc nang trong hanh trinh cong tac (m/s)
42281,2 X0,067

= Nén N = o~ = 2,81 [kW]
- Cong suit thuy luc
pxQ
P= L kW) (4.8)
600

+ Trong d6 p — Ap suat dau lam viéc trong xi lanh (bar)
Q- Luu lugng cong tac nang (1/ph)
- NénP = 2278 _ 169 [kW]
4.2.5 Xdc dinh chiéu day thanh xi lanh
4.2.5.1 Xi lanh ndng ha thuy lyc

- Chiéu day Se ctia thanh xi lanh dugc xac dinh theo cong thic
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Thiét ké hé thong thity luc ciia xe ndng

X D
S ;= C (mm) (4.9)
230 [e]-p

+ Trong do
D — Puong kinh piston, mm
p — Ap suét dau thuy lyc trong xi lanh khi 1am viéc, Kg/cm?
[0] - Ung suat cho phép trén thanh xi lanh, Kg/mm?

C — Pai luong bd sung cho chiéu day tdi thiéu thanh xi lanh, theo tai li¢u

[10] ta c6 v6i xi lanh nang ha véi duong kinh piston D = 80 (mm)

D, mm Dén 30 30-280 80— 120 120 - 180

C, mm 0,5 0,7 0,8 1,0

- Theo bang ta chon C = 0,7

- Gia tri tng suat cho phép duoc tinh:
c

[6]=—> 1 (Kg/mm?2) (4.10)
n

+ Trong do
ob — giéi han bén cua vat liéu 1am xy lanh, Kg/mm?
n — hé sb an toan,thuong n =3
1 — hé s6 do bén ciia mbi han
Theo sach [10] ta ¢6 giéi han bén ob < 90 kG/mm? khi 4p suit ctia chat 1ong
lam viéc nho hon 200 Kg/cm?
= Ta chon o, = 70 Kg/mm?
- Hé s6 d6 bén mbi han n=0,9 [10]
- Do do [o]=2n="".0,9 = 21 (Kg/mm?)
- Thay vao cong thirc (4.9) ta c6 chiéu day thanh xi lanh:

_ 130x 80
27 930% 21— 130

+ 0,7=6.5 (mm)

Ta ldy chiéu day thanh xi lanh 13 S,, = 7 (mm)
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Thiét ké hé thong thity luc ciia xe ndng

4.2.5.2 Xi lanh nghiéng

- Chiéu day Se ciia thanh xi lanh dugc x4c dinh theo cong thic

X D
§ =t +C (mm) (4.11)
230%x [o]-p

+ Trong do
D — Puong kinh piston, mm
p — Ap suat dau thity luc trong xi lanh khi 1am viéc, Kg/cm?
[0] - Ung suit cho phép trén thanh xi lanh, Kg/mm?

C — Pai lugng bd sung cho chiéu day ti thiéu thanh xi lanh, theo tai liéu

[10] ta c6 vd6i xi lanh nang ha véi duong kinh piston D = 50 (mm)

D, mm Dén 30 30-280 80 —-120 120 - 180
C, mm 0,5 0,7 0,8 1,0

- Theo bang ta chon C = 0,7
- Gia tri tng suat cho phép duoc tinh:

%
[6]=—"n (Kg/mm?) (4.12)
n
+ Trong do
ob — giéi han bén cua vat liéu 1am xy lanh, Kg/mm?
n — hé sb an toan,thuong n =3
n —hé s6 do bén ctia mdi han
Theo tai liéu [10] ta c¢6 gidi han bén op < 90 kG/mm? khi 4p suét cia chat 1ong
lam viéc nhé hon 200 Kg/cm?
= Ta chon o, = 70 Kg/mm?
- Hé s6 d6 bén mbi han n = 0,9
- Do do [0]=2.n="2".0,9 = 21 (Kg/mm?)
- Thay véo cong thirc (4.11) ta ¢6 chiéu day thanh xi lanh:

130x 50
Sr2=
230x 21— 130

+0,7=4.9 (mm)

Ta ldy chiéu day thanh xi lanh 13 S,, = 5 (mm)
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Thiét ké hé thong thity luc ciia xe ndng

4.2.6 Tinh todn dé on dinh cua xi lanh
- Duéi tac dung cta ap sudt chat long 1am viéc va cla tai trong bén ngoai, cac
xylanh thuy lgc lam viéc nhu mot dam chiu nén-udn c6 tiét. dién thay ddi.
Trong thuc té thuong gip cac xylanh dugc kep chit véi khép ban 18 chiu tac
dung cua lyc nén doc F (hinh 5.2). Khi lyc nén doc F bﬁng luc to1 han Fu (F =
Fy,), s& xuat hién do vong h trén xylanh va néu tiép tuc tang tai trong 1én véi
gia tri khong 10n ciing ¢ thé pha hiy xylanh. Luc t6i han F,, c6 thé dugc coi

1a lyc pha huy.

T —

Eaa. _‘_‘_\_--H'_‘-——..
. Q by ’
= <

W) ~F¥

[

Hinh 4.9 Bién dang cua xi lanh khi uon doc

- Taco:

F
P th (4.13)

CF k.n
o

+ Trong d6: k — Hé sd tinh t6i kha ning tang ing suét trong hé thong thay lyc,
chonk=1,15
ny — Hé s6 an toan vé 6n dinh phu thudce vao vat li¢u va cong
dung cua xi lanh, ta chon n, =3
- Luc phé huy dugc xac dinh nhu sau
F, =EF (4.14)
+ Trong d6: F, - Lyc t&i han ddi véi xylanh c6 tiét dién khong doi
& — Hé sd tinh dén su thay doi cua tiét dién xylanh (chon £=0,8)
0., - Gmg sudt téi han. Dua theo TL [Truyén dan thuy luc trong
ché tao may|, dé chon dugc gia tri oy, ta phai xac dinh duoc gia tri

/i
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Thiét ké hé thong thity luc ciia xe ndng
+ Trong d6: 1 — Chiéu dai toan b cta xi lanh, 1 = 1775 (mm)
1 — Ban kinh quén tinh (i = \/% )
Ta co:

f=§(D2 D?) = 4(872—802)=918,13mm2

o

8015853
I = =29,55
918 13

= 1/i=1775/27,55 = 60

Jzi(m—m) ”(874 804) =801585,3 mm?

Ta chon duoc gia tri o,,= 48 Kg/mm?
Nén F, = a,,. f = 48 x 918,13 = 44070,24 (Kg) = 432,4 (KN)
Vay luc pha hity: F,, = 0,8 * 432,4 = 345,92 (KN)

Fyo 34592

F=——= =100.27 (KN)
“ kan, L15x3

4.2.6.1 Tinh bén can piston

4.2.6.1.1

4.2.6.1.2

Xi lanh nang ha
Can piston 1a mot thanh chiu nén ding tam, dé dam bao su lam viéc caa thanh
chiu nén thi Gng suat trén mat cat ngang c6 n6 khong dugc vuot qua tng suat

cho phép, ta c6 cong thirc tinh toan sau:
N
F

+ Trong d6: N — Luc doc
F — Tiét dién can piston
TalaicO N = F, = 42281,2 (N) = 42,28 (KN)

D2 X502

VaF = 2= =

= 1963,5 (mm?)

4
Yo 2222 21,5 (N/mm?)
F 1963,5

Ta chon vat liéu ché tao 1a thép C45 ¢6 [0] = 49 (Kg/mm?) = 480,6 (N/mm?)

Nén o =

Thoa man diéu kién bén
Xi lanh nghiéng

Tuong ty nhu xi lanh nang ha thi ta van ¢ cong thirc tinh bén sau:
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Thiét ké hé thong thity luc ciia xe ndng

N

c=—=<[o]

+ Trong d6: N — Luc doc

F — Tiét dién can piston

F

Talaico N = F, = 42281,2 (N) = 42,28 (KN)

nD? _ mwx28?

VaF = —=
4

n N 422812
Néno=—-=
F 615,75

= 615,75 (mm?)

= 68,66 (N/mm?)

(4.16)

Ta chon vat liéu ché tao 1a thép C45 ¢6 [o] = 49 (Kg/mm?) = 480,6 (N/mm?)

Théa man diéu kién bén
Ta dugc cac thong so sau:

+ Xi lanh ning ha

Ap suat 1am viéc t6i da 210 bar
Ap suat lam viéc 130 bar
Puong kinh 6ng 92/80 mm

Puong kinh piston 80 mm
Duong kinh ti 50 mm
Hanh trinh 1300 mm
Kiéu lip MP5 (Tai bi cau)
Tbc d6 lam viéc tbi da 0,5 m/s
+ Xi lanh nghiéng

Ap suat 1am viéc t6i da 160 bar
Ap suit lam viéc 130 bar
Puong kinh 6ng 60/50 mm

Puong kinh piston 50 mm

Duong kinh ti 28 mm

Hanh trinh 200 mm
Kiéu lap MP5 (Tai bi cau)

Toc d6 lam viéc toi da

0,5 m/s

Huéng dan: PSG.TS.
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Thiét ké hé thong thity luc ciia xe ndng
= Chon van phan phoi
- Van phan phbi 4/3 cia hing YUKEN
- Ma san pham: DSHS-04-3C2
- Ta c6 cac thong sb sau
+ Luu luong t6i da: 178,25 I/ph

+ Ap sut lam viéc toi da: 130 bar

N

4 /
o 1.2
5 /| s
g any /2
: / A; D
£ 04 // 7/
MP / i
@ /
0 50 100 150 200 250 300

Flow Rate L/min

Hinh 4.10 Ton thdt dp sudt ciia van phin phoi

@® DSHG-04
Pressure Drop
Spool Curve Number
e
Type | AlB=T[P—B[A—T|P—T
2 Hl@® | ®|® | —
3 ® 3| ®|® |
4 || ®|6® | —
40 ®H|@®|®|6® | —
5 ORROREOREOREG]
6 ®|®|®|®|©

Hinh 4.11 Bang tra ton thdt dp sudt van phdn phéi
- Trong qua trinh nén, dau di theo cong P-A nén ta tra duong sd 5, luu luong
qua van bang 178,25 (1/ph) nén ta duoc APy, = 0,4 MPa = 4 bar
- Trong qua trinh dau hoi, ddu di theo cong B-T nén ta tra dudng s6 4, luu lugng
qua van bang 77 (I/ph) nén ta duoc AP,,, = 0,15 MPa = 1,5 bar

= Chon van tiét luru cAn bang
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Thiét ké hé thong thity luc ciia xe ndng

- Chon van hang YUKEN

- Ma san phdm: SRCT-10

- Luu luong tbi da: 230 1/ph
- Ap suit téi da: 25 MPa

- Khdi luong: 9,1 Kg

SRT _,o SRCT _,,
SRG * SRCG
0.5 "
0.4 Free Flow (Fully Closed) J,..—-"/‘
=3 ' —
= /'> o~
[
» 03 ] ,ff
? ,ﬂ"’fl’;mmlled Flow (Fully Dl}ﬁy
2 02 -
& ff}
MPa g 4 ,..-"";
--""‘/
—""—F—'
0 50 100 150 200 250 300 350

Flow Rate L/min

Hinh 3.10 Ton thdt dp sudt trén van tiét heu mot chiéu

- Luu luong khi di qua van dugc kiém soat 1a 155 1/ph nén ta tra duong
Controlled Flow trén hinh, ta duwgc AP,; = 0,07 MPa = 0,7 bar

4.3 Tinh ton thit va chon bom thity lwe
4.3.1 Nhiém vu cua bom thuy luc

- Bom thuy luc ¢6 nhiém vu chuyén d6i nang luong co hoc thanh ning luong

thiry luc cung cip cho cac phu tai chuyén dong quay
4.3.2 Phan loai bom
4.3.2.1 Bom piston huong truc
a) Bom piston hudng truc truc nghiéng

- Day la dang cAu trac cb nhit cua may thuy luc piston doc truc, cAu trac tiéu
biéu nhat 1a dang vo nghiéng chuyén dong lic tuong d6i so véi truc, ngoai ra

cling c6 thé bo tri dia chu dong chuyén dong lac tuong doi so véi truc ctia vo.
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Thiét ké hé thong thity luc ciia xe ndng

-+ CAu tao va hoat dong: May truc nghiéng tiéu biéu nhét duoc trinh bay trén
hinh 4.9. Truc cha dong 1 duoc ndi cimg véi dia chi dong. Khéi xy lanh 5 co
chtra céc pit tong 4 c¢6 thé quay dugc trén chdt 6. Pit tong duoc truyén chuyén
dong tir dia chu dong qua can pit tong 3. Chdt 6 duge ndi climg trong vo lic 7
bén trong vo ngoai 8. Vo lic 7 dugc lap dat dé c6 thé lic quanh truc A -A.

1 - Truc chu dong

2 - Dia chu dong

3 - Cén piston

4 - Piston

5 - Khéi xilanh

6 - Chot tua

7-Vo lac

8 - V6 ¢ dinh

9 - Pia diéu khién

10 — Ranh diéu khién

S — Phia nap

Hinh 4.12 Bom piston hudng truc truc nghiéng D — Phia déy

- Khi hoat dong & ché do bom, truc 1 dugc truyén chuyén dong quay, do do dia
cha dong 2, can pit tong 3, pit tong 4 va ca khdi xilanh 5 ciing quay theo. Néu
vo lac 7 quay nhu hinh v& trén mat cat B -B, thi s& tao ra chuyén dong tinh
tién ctia tit ca cac pit tong co trong khi xy lanh. Khi khéi xi lanh quay duogc
180° thi pit tong bén trén trong hinh v& mit cat B -B chuyén dong tir diém
chét dudi dén diém chét trén va cung cap mot dong dau thanh phan.

- Trong nira vong quay tiép theo dau lai dugc nap vao. Khoang mét nira sd pit
tong thuc hi¢n hanh trinh déy con ntra kia thyc hién hanh trinh nap. Ctra nap
va ctra day ctua bom duogc ndi qua cac ranh nap va ranh day 10 trén dia diéu
khién 9 dén phan nap va day cua cac xilanh.

- Pic diém céu trac: Dia diéu khién ngoai viéc diéu khién xi lanh tir phia nap

sang phia day va nguoc lai thi dia diéu khién con c6 nhiém vu dinh huéng
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doc truc cho khdi xi lanh, mot trong hai ranh diéu khién nhu rdnh S phai duoc
ndi voi dudng 6ng nap, rinh D duoc ndi véi dudng éng day

- Can luu ¥ rang sd piston khong nén 13 s6 chin ma phai chon s 1¢ dé giit cac
xung ap suit va lugng nho nhét co thé.

- Nhuoc diém: Chi phi ché tao 16n, xuat hién hao ton 16n vi dong dau dugc dan
tir phia day sang phia nap qua rat nhiéu doan cong dai.

b) Bom piston rotor hudng truc dia nghiéng

- Bom piston rotor huéng truc dia nghiéng di duoc san xuit véi sb luong 16m
sau ndm 1950. C6 thé phén biét bom piston hudng truc dia nghiéng theo hai
loai: bom piston hudng truc dia nghiéng dé truot va bom piston hudng truc
dia nghiéng c6 dudi pit tong chom cau.

- Chu tao va hoat dong trén cac bom piston huéng truc dia nghiéng khdi xilanh
5 (hinh 4.10) duoc ndi ciing véi truc chi dong 1. Pia nghiéng 2 duoc ndi cling
vo1 vo 7. Piston 4 khong co can piston ma tya qua dé truot 3 hodc tua truc
tiép qua dudi pit tong vao dia nghiéng 2. P& giam ma sat khi truyén lyc giita
duoi piston va dia nghiéng thong thudng nguoi ta lap thém mot dia con lan 8.
Néu tryc chu dong 1 va xilanh 5 quay thi cac piston s& dugc truyén chuyén
dong tinh tién. Nho c6 du ap sudt dau & phia 4p suat thap hoic 1a ndi véi bo
phan giit 4p suat thap nén dam bao khong xuat hién mat lién két gitra dé truot,

duoi piston va dia nghiéng hoac dia con lan.

Vanh dicu khién
va cho noi ong

Hinh 4.13 Bom piston huong truc dia nghiéng

a) Bom dia nghiéng dé truot  b) Bom dia nghiéng c¢é dudi piston chom cau
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- Pic diém cau tric: Lyc ngang ludn gy kho khin cho cac nha thiét ké ¢ giai
doan phat trién bom thily luc dia nghiéng, do luén c6 diém dat lyc ngoai dién
tich trugt cua piston nén luc ngang tao ra ap luc cuc bg 1on gitra piston va
xilanh, 12 nguyén nhan lam cho luc ma sat 16n va thudng gip nhat trong cac
truong hop st dung la tao ra ma sat nira udt. Cling do luc ngang 16n nén gay
ra tai trong ngang 1én khi xi lanh din dén léch khe hé giita khdi xilanh va
dia diéu khién dan dén tang hao ton. Dé khac phuc tinh trang trén thi can phai
tinh toan thiét ké d& khéi xilanh sao cho dia diéu khién khong phai chiu

momen lat.

Hinh 4.14 Phan tich luc tai khop dé truot

¢) Bom piston doc truc dia lic

- Mot thi du vé bom piston doc truc dia lc duoc mo ta trén hinh 4.12, piston 4
dugc bd tri trong mot khdi xy lanh ¢b dinh, con dia lic 2 va dia diéu khién 5
dugc ndi cing va quay theo truc chii dong 1. Pudi piston dang chom cau ludn
tua vao dia lic qua mot dia con lin trung gian 3. Khi truc chu dong va dia lic
quay lam cho piston chuyén dong tinh tién va dia diéu khién quay. Nho d6
phan nap va phan diy s& duoc ndi véi dau ndi vao va ra cia may thuy luc
thong qua céc ranh diéu khién.

- May piston hudng truc dia lac 1a loai may thuy luc don gian, nhé gon, c6 hao
t6n lot dong nho va hiéu suat twong dbi cao. Nhugc diém ciia may 1a co gia

thanh cao.
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Hinh 4.15 Bom piston doc truc dia ldc

4.3.2.2 Bom banh rang
a) Bom banh rang dn khép ngoai

- Bom banh riang an khdp ngoai cdu tao co ban tir hai banh ring an khép véi
nhau, trong d6 mdt banh rang chu dong va mdt banh rang bi dong (hinh 4.13).

- Dau 4p suét cao duoc cung cap theo cac khong gian tao boi cac rdnh ring va
v6 khi cac banh rang quay. Khi mot ring dich chuyén khoi viing nap cing voi
mot ranh ring, xuat hién mot sy tang thé tich trong khong gian nap, giam ap
suét, tao nén mot tac dong hut dau.

- Dau dugc cudn theo ranh rang dwa dén lam ting ap suét trong khong gian ap
sut cao. Cac khong gian cudn dau duoc lam kin & cdc mat bén. Dé tranh viéc
nén ép dau va nhd d6 tranh duoc cac dinh ap suat khi cac cdp rang vao an

khép nguoi ta thudng tao ra cice ranh thoat tai ¢ vé hodc vé 6 do.

Hinh 4.16 Bom banh rang an khop ngoai
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b) Bom banh rang an khdp trong

- Trén hinh 4.14 gidi thi€u bom banh rang an khép trong. Banh rang chu dong
1 quay truyén cho vanh ring trong 2 quay theo. Dau thuy luc dwge cudn theo
khong gian gira ranh rang va vanh nap 3. Trén bom banh rang an khop trong
cling co cAu tric, khe ho doc truc va huong kinh ty Iya thuy luc. Trong thuc

té nguoi ta con sit dung may banh ring in khép trong nhiéu cip (hinh 4.15).

Hinh 4.17 Bom banh rang an khop trong

- Thong thudng cac banh ring dugc sir dung 14 banh ring try ring thang, véi
cac dang rang khac nhau (rang than khai, rang Trochoid).

- Do bb tri 1éch tdm 16n giita banh rang chi dong véi vanh ring trong nén véi
cung mot thé tich 1am viéc, bom banh riang an khép trong s& co két cau nho
gon hon bom banh ring an khép ngoai. Ngoai ra con cho phép chiéu dai an
khép 16n va do d6 1am kin t6t hon giira viing ap suat cao v6i ving nap ciing
nhu giam dang ké tinh chat xung 4p suét, luu lugng va tiéng 6n so voi bom

banh rang an khop ngoai.

Hinh 4.18 Bom bdnh rdang nhiéu cap
= Phwong an thiét ké: Thiét ké bom piston rotor hudng truc dia nghiéng
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4.3.2.3 Cdc ché dj lam viéc ciia bom
- Lam viéc doc 1ap: Mot xi lanh nang lam vi¢c, hai xi lanh nghiéng dirng yén
hodc hai xi lanh nghiéng lam viéc va xi lanh nang ding yén
- Lam viéc song song: Ca ba xi lanh déu lam viéc
= Trong thuc té dé dam bao an toan cho hang hoa va nguoi diéu khién phuong tién
thi khi nang hang nguoi diéu khién xe nang khong sir dung dén xi lanh nghiéng,
khi ning dén do cao can thiét thi tam dimg hoat dong cta xi lanh nang ma chi
dung xi lanh nghiéng dé trat hang. Do vay thiét ké bom s& ldy truong hop lam
viéc doc lap.
- Ta c6 luu lugng thuc té bom can phai cung cap la: Qv= 178,25 (I/ph)
4.3.3 Tinh todn ton thit va chon bom
4.3.3.1 Tinh thé tich lam viéc cia bom
- Thé tich lam viéc 13 thé tich dau do bom cung cip trong mot vong quay, thé
tich lam viéc duogc tinh toan theo kich thudc ciia bom piston hudng truc
- Dbi v6i bom piston truc nghiéng thi hanh trinh ciia piston dugc xac dinh theo

gido trinh [8], ta co6:

Hinh 4.19 So do xdc dinh thé tich lam viéc ciia bom
- Taco: S = 2ry,sin (@)
- Tir d6 ta co thé tich 1am viéc cho bom piston hudng truc dia nghiéng c6 z=9
xilanh véi dién tinh Ak s€ la:
V = zSA, = 2md; 15, sin(a) = g x T X 282 x 70 X sin(15) = 200804,1
(mm?) = 0,2 (dm?)
4.3.3.2 Xac dinh momen quay trung binh
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- Taco lyc truyén dén piston Fx duoc phan tich thanh luc ngang F; va luc phap

(4.17)

tuyén Fa
- Momen quay trung binh trén truc truyén tir bom thuy luc dugc xac dinh theo
cong thirc:
T
z 1 . z 1
M= —— FtrSasm( a) da= ——FIZrSa
27, 2

F! Ifrlf'f'ff'f"

‘ Y

v i#}ff i
]

FEF I F P

- Thay F, = F; sin(a) =

duoc:

M = Zpd;’rse sin(a) = = x 130 x 282 x 70 X sin(15) =

135466,8 (N.mm) = 135 (N.m)
4.3.3.3 Tinh chon dwong ong
- Chon dau thay lyc CITGO c6:
+ Do nhét dong hoc v = 32 ¢St
+ Trong luong riéng y = 860 kg/m3

+ Sir dung 6ng dan dau la 6ng cao su mém cé € = 0,01

- Theo Gi4o trinh truyén dong thuy khi, ta chon V,, = 3 (?) va

- Luong lugng cua bom @, = 175,28 (pih)
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- Tur cong thirc tinh lyu luong ta tinh duong kinh 6ng hut:
178,25

40 X
d = b 60000 —0.035 (m)
;n'Vh ¥4
= Chon d; = 35 (mm)
- Puong kinh duong dng day:
0 178,25
do= [t _ 00000 _ 0,025 (m)
2 JTV” 671

= Chon d, = 25 (mm)
4.3.3.4 Ton that tir bom dén diém B (doan 1-2)
- Theo [6] ta c6 duoc hé sb Reynolds:
V,xd, 6 x0,025
R = = =4688
¢ v 32% 1076
= ViR, = 4688 > 3000 nén chay rdi

- Tu cong thuce Colebrook ta duogc:

£

1 d, 2,51
—= —2 log( 3 + )

Ji T RxA2
= Nén hé s6 ma sat ctia ong A = 0,0385
- Ton that trén doan (1-2)

L pV 2
AP, =l1—+ £A+8£ z

2
> Nén APy = (0038522 +1+8x0,1) 2% =

bar
Trong d6: 1; — Chiéu dai doan 6ng dau thuy lwc tir bom dén 1
g4 —HE s6 ton that cuc bo tai A, chon theo [8]
&, —He s6 ton that tai cac khép ndi, chon theo [8]
Nén ton that ap suat trén doan 1-2
AP, = APy + AP,, = 0,985 + 4 = 4,985 bar
Trong d6: AP,,, = 0,4 MPa — Ap suét ton that qua van phan phdi
4.3.3.5 Tinh ton that tir 2 dén dudi xi lanh
- Luu luong khi di qua van tiét luu duoc diéu chinh Q = 155 (I/ph)
- Van tdc dau trong dudng dng
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155

4x
4
V=~ — 57 (2
> aD? ax 0,0252 §

- Theo [9] ta c6 duoc hé sé Reynolds:
V,.xd 27 2 . A
R=_2 Z_ 3,27x 0,0 5=4117=> Chay roi
¢ v 32x 106
- Tu cong thuc Colebrook ta duogc:

£

1 dy 2,51

—=-21
i og( 37 + Rexﬁ)

= Nén hé sb ma sat ciia dng A = 0,027

- Tbn thét ap suit trén doan 2-3
B 1 I3
APZ:,’—APﬂ—I- d_2+ Edm+28n

2
PV

2g

2500 860x%5,272
x P

APy =07+ (002722 +1+2%0,1 = 328834 kg/m’ =
0,025 X9,81

3,23 bar
+ Trong d6: €4, = 1 — Hé s ton that dot thu
AP, = 0,7 — Ton that trén van tiét luu
l,5 = 2500 mm — Chiéu dai duong dng 2-3
4.3.3.6 Tinh ton that tir diém trén xi lanh vé thiing dau (doan 3-4)
- Luu luong dau ra xi lanh 1a Q = 77 (I/ph)

- Van tdc trén dudng dng khi ra xi lanh
77

4Q 4X
Vay = = —50000. — 261 (m/s
34 7 p2 T 7x0,0252 61 (m/s)

V3aXdy 2,61 x0,025

= Nén hé s6 Reynolds: R, = ——2 = 2= = =2039 < 3000 => Chay
téng
- Hé s6 ma sat cia dng: A = 2—4 = % = 0,031

- Ton thét ap suat doan 3-4

Ly A
AP34=APd+ APWQ—F /Id—+ edf+ec+9en 5
2 8
2
APy, = 2,2 + (0,031 B 10,5+2+9%0,1) 220 x 9,81 x 1075 = 9,09 bar

- Suy ra 4p sut tai bom la:
P, = P, + AP, + APy3; + AP;, = 130 + 4,985 + 3,23 + 9,09 = 148 bar
= 148 x 10°N/m?

4.3.3.7 Xdc dinh c¢ng sudt trén truc truyén
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- Khi tinh toan thuc té can phai tinh dén hiéu suat bom nén cong suat thuy luc
tinh theo hiéu suit n:
QpXPp

N = 2D (4.18)

+ Trong d6: Q, — Luu luong bom, Q, = 175,28 (pih) =297 x 107 (%)
no — Hi€u suét (%), ta chon no = 0,98

Ncx- Hiéu suét co va thuy luc, ta chon: g = 0,93

n - Hiéu sut toan phan, n =1n4.7¢x = 0,98 X 0,93 = 0,91
= Nén cong suit truyén dong bom la:

_ QpXPp _ 2,97x1073x148 x10°

Nac . 0oL = 48303 (W) = 48,3 (kW)

= Ta chon bom:

Hang bom LPV

M4 san pham LPV70

Momen xoin dau ra 162,3 Nm

Ap suét lam viéc dinh mirc 35 MPa

Toc dd d,inh‘ml'lc 2500 (vong/ph)

Cong suat dau ra 45 kW

Hinh 4.20 Tinh todn ton that
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4.3.4 Tinh toan thiét ké van an toan
4.3.4.1 Xac dinh cac thong s co ban

- Theo Truyén din thiiy lwe trong ché tao may, ta xac dinh luu luong cia

0=uf /22, , (4.22)
4

+ Trong d6: Q = Q, = 178,25plh = 2,97 x 1073 m3/s — Luu lugng bom

van an toan

p — Heé sb luu luong
AP =9.09 bar — Do chénh 4p suét trong van

f — Dién tich c6 ich cua khe h¢ thong cua van
. a ho.
f = adhSin( —) x (1— —Sin(a)) (4.23)
2 2d

- Pé tranh hién tuong ket khi dong nat van phai dam bao @ = 60°. Ta chon «

=90°, vi h kha nho so v61 d nén cong thirc tinh dugc rat gon nhu sau:

f = mxdx hx Sin( %)

+ Trong d6: d — Puong kinh 16 vao van
h — Chiéu cao ning nit con doc theo duong truc cia né
o — Goc dinh mat con cua nut van
- Duya vao Truyén din thity lwe trong ché tao may, ta chon h = 0,3d nén hé
s6 Ivu lwong u = 0,663

> Nén f = mx 0,3d2 x Sin (3) = 0,667
_ Thay vao (4.22) ta dugc

2% 9,81% 9.09% 107
860

2,97x 10=3=0,663x 0,667d2x \/

= d =16.9 X 1073 (m)
= Chond =18 (mm) nén h = 0,3 X 18 = 5,4 (mm)
4.3.4.2 Tinh chon lo xo van an toan
- Theo Truyén dén thiy lwe trong ché tao may, khi nit van mé ta c6 dién
tich c6 ich ciia bé mit nit van la:
F = %( d— (hSin(2p)) 2 (4.24)
b/

F =
4

e

X (0,018 — (0,0054x Sin(2x 45)) 2=3,08x 10=3 (m?)

+V6i B =90 — == 45°
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- Luc mé do van ap suat P; sinh ra
F,= P xF =130x 105x 3,08x 10~ 5=408,2 ( N)
- Khi van tach khoi 16 dong thoi cling ¢ luc c6 xu huéng dong kin nit van

(nguoc chiéu F1) nén luc nay duoc xem nhu e 10 xo thuy luc
a
F,=0p(V, - VQC()S(E)) (4.25)

+ Trong d6: V; = V,, = 6 m/s — Van tdc chat 16ng trudc khe ho thong qua van

V, — Van tdc chit 1ong trong khe hé thong qua van

rd? _zX 0,0182
4 4

+Va f =0,667d2=0,667x 0,0182=3,26x 10~3

A 384x1075

' 326%x10-5

+ Vo1 A =

=3,84x 105 (m?)

TNeny X 6=7,06 (—)
§

= 3 20
F=2.97X 1073 8600x | 6= 7.06x Cos| = |=26.82 ()

- Hé s clmg cua 10 xo
C = La_ 2082 _yp3s (X
td h , ’ mm
- Luc ban du cta 10 xo, ta chon ho =5 (mm)
F0= Fl_ Ftd=408,2— 26,82=381,4 (N)

- Do cling ban dau cia 10 xo
Fo 3814

N
=76,28 (—)
mm

= PO cling téng cong cua van an toan: C, = Cy + C,y = 98,63 (N/mm)

- Khi chon 16 x0, ddi véi luc 16 xo bién dang l6n nhat, ta can chon 10 xo0 ¢6 luc
bién dang 16n hon lyc ban dau cia 16 xo

- Theo Tiéu chuan Viét Nam TCVN 2028:1977 vé 16 xo tru nén loai III cip 1,

ta chon 10 xo ¢6 s0 hi€u 280 c6 cac thong sO co ban sau:

Luc 16 xo khi bién dang l6n nhét 400 N)
Puong kinh day (d) 1,6 mm
Duong kinh day bén (dv) 3,5 mm
Duong kinh ngoai 16 xo (D) 18 mm
D9 cling mot vong (Z1) 77,71 N/ mm
Bién dang 16n nhat ciia mot vong 10 xo (£3) 5,147 mm
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4.3.4.3 Cac kinh thwoc khac cua lo xo
- DPuong kinh trong cua 10 xo
DI=D— 2d=18—-2%x1,6=14,8 ( mm)

- Bén kinh x04n 16 xo
D—-d B 18— 1,6

r= =82 (mm)
2 2
-S4 vong xodn cta 10 xo
C
7= —2 4 (1+2) =387 = ChonZ =4 vong
1
- Budc 10 xo

p=1[4,+d=5147+1,6=6,747 (mm)

- Chiéu dai ban dau cua 10 xo
L,=p(Z—05) +2d=6,74Tx 3,5+ 2x 1,6=23,06 ( mm)
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Chwong 5. MO PHONG XI LANH VA BOM

5.1 Tong quan phin mém Automation Studio

- Automation Studio 1a mot phan mém thiét ké, mo phong va phan tich hé thong
tu dong hoa manh mé va doc déo, dugc phat trién béi Famic Technologies Inc. N6 dugc
st dung rong rai trong ca linh vuc gido duc va cong nghi¢p. Automation studio la mot
cong cu toan dién giup nguoi dung dé dang tao, mo phong va khic phuc sy ¢b cac mach
thudc nhiéu céng nghé khac nhau nhu: Thiy luc va khi nén, dién tir, PLC (B9 diéu khién
logic kha trinh)

(Y AUTOMATION STUDIO*

Hinh 5.1 Logo phan mém Autiomation Studio
- Phin mém 1 mdt nén tang tich hop cho phép:

+ Thiét ké mach: Tao so dd mach thuy luc, khi nén, di¢n tu, dién diéu
khién, PLC... bang cach kéo tha cac ky hiéu tiéu chuan.

+ M0 phdéng dong: Quan sat hoat dong cia hé théng mot cach truc quan,
v6i cac hiéu tng dong, mau sic thay doi theo trang théi.

+ Phan tich va tinh toan: Cung cép cac cong cu dé phan tich hi¢u sut, ton
that, va tham chi 1a mé phong 15i.

Automation Studia™ (DownLoadly R) - [Project! : Disgram]

o L‘i Li‘l E"j ) Reterence 5 Document View | % Link. 2 4 (Gra

TE D& B S
£ | St : ) o
Prasect Docament || TR Cotalogue BOM o Direct Link Grid / tine Nare  spiine <> Field A

- Explorer Manager

- | [ X pointes Tool | @ EMipse & Ponpolygon [ icture

; et Pure Audo Video Otner | Custom Port
7 History -, $ Animated Link @ Recangie @ Potygon T Text Fie Fie || Component

ct 7o x
REREE .

Name

B Project1
3 @ 2 & piagram
@ Proportonal Pumps
@ Hydraulic Actusted Clutches

@ Rotary Actuators
@ Directional Valves
@ Proportional Directional Vaives

| '» Hydrauiic» &

&
L) & w (=S 3
Undvectons Undvections  Wydrostabc  Double-  Single-Acting
P nt. | Iham  Rasmvor  AdimgOA Oftadermi
&5 2% [, ath g
Budirectonal Vanable 3/2-Way NC  4/2-Way NC 3
oot Ao g S NG 48
E )
= © %k
T F 9 ¢
van Premore Prese vt Onfce
Relief Valve  Reducing V Gauge
4 8 =~ = [
CheckVave Gortooded  Nomaly  Normaby  Proximty
Kcumst. OpenShik. CosedShi  Senaer
o
& £ 3
Show Standards (A —‘ >

jos@  Anonymous

Hinh 5.2 Giao dién ciia phan mém
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5.2 Modules sir dung trong ph?ln mém

- Thuy lwc (Hydraulics): dung dé thiét ké, mé phong va phén tich mach thuy luc,
bao gém ca thuy luc co, diéu khién dién — thuy lyc. Thu vién cung cép cac bom, x1 lanh,
van (van hudng, van ap suat, van luu lugng), dong co thuy luc, bd loc, binh tich ap,
duong 6ng, va cac thanh phan khac theo tiéu chuéan ISO.

= = omo 5 8 7

Single-Acting Double-Acting Brakes Sequence Valve  Pressure Reducing  Counterbalance
Cylinders Cylinders Valve Valve

= = = «'ﬂ J; AN

Mechanically Tensioner Cylinders Telescopic Cylind...

Linked Cylinders 1S0O 1219-1:1991 Shuttle Valve Flow regulator Check Valve
Memory Cylinders Others
150 1219-1:1991 Mo Standard Check Valve Plug Plug
Hinh 4.3 Cdc logi xi lanh trong phan mém Hinh 5.4 Cde loai van
Unidirectional Fixed Unidirectional Bidirectional Fixed Filters Coolers Coolers with
Displacement Mot... Variable Displace... Displacement Mot.. Boolean Output
Bidirectional Bent Axis Motors Others Cooler-Heaters Others

Variable Displace...
Hinh 5.5 Cdc logi dong co Hinh 5.6 Cdc bg loc

- Khi nén (Pneumatics): dung dé thiét ké, mo phdéng va phan tich cac mach khi
nén, bao gdm khi nén co ban, diéu khién di¢n-khi nén. Thu vién Cung cip cdc may nén
khi, xi lanh khi nén, van diéu khién (van 3/2, 5/2, van tiét luu, van mét chiéu), dong co

khi nén, va cac phu kién khéc theo tiéu chuan ISO.

4 \__» Pneumatic (IS0 1219-1:2012)
Q Compressors & Amplifiers
<> Pneumatic Actuated Clutches
D Reservoirs
Q Flow Lines & Connections
@ Accumulators
Q- Cylinders
< Motors

@ Rotary Actuators
Q' Directional Valves
O' Proportional Directional Valves

Hinh 5.7 Cdc thanh phan trong muc khi nén
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= = @&

Single-Acting Double-Acting Mechanically
Cylinders Cylinders Linked Cylinders
Vacuum Generators Brakes Others

No Standard

Hinh 5.8 Cac loai xilanh

A @ @

Pressure Sources Fixed Displacement Fixed Displacement
Compressor with__. Compressors

< B B

Variable Hydropneumatic Hydropneumatic
Displacement Co... Amplifiers Amplifiers with C
Pneumatic Boosters Others

Hinh 5.10 May nén va bo khuéch dai

O

Unidirectional Fixed Bidirectional Fixed
Displacement Mot .. Displacement Mot .

Hinh 5.9 Cac logi dong co

>+ @

Filters Thermal QOthers
Exchangers

Hinh 5.11 Cac logi loc trong khi nén

- Pién (Electrical — IEC — NEMA — JIC — SAE): dung d¢ thiét ké va mo phong

cac mach dién cong suat. Thu vién gom cac ngudn dién (AC/DC), cong tac, ro le,

contactor, dong co dién, cau chi, den bao, bién ap, cam bién.

- e 6

Power Supply L1 Power Supply L2 Power Supply L3

(O + e

Neutral Ground Power Supply 24
Volts

DC Power Supply

Hinh 5.12 Cac loai ngué‘n dién

@_

Commen (0 Volts) Transformer

E

\' | \'

Normally Open Normally Closed Rising Edge
Contact Contact Contact
Falling Edge Contact MA/MF Normally Open
Contact Contact with On...

Hinh 5.14 Cac logi cong tac

SVTH: Phan Minh Triéu

® O

Transformer with ~ Transformer with  Auto-transformer
Two Windings Three Windings

Single-Phase Transformer with  Transformer with
Transformer with... Centre Tapping o Variable Coupling

Hinh 5.13 Cdc logi bién dap

© & 0

Voltmeter Reactive Current Ammeter
Ammeter
Current Varmeter Power Factor Meter

Transformer, Puls

Hinh 5.15 Cong cu do luong
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- PLC (Programmable Logic Controller): ding dé 1ap trinh va mo phong logic

diéu khién PLC. Thu vién gom céac khoi chirc nang PLC, ngd vao/ra, timer, counter. Hb

trg cac ngdn ngit 1ap trinh nhu Ladder Diagram (LD), Biéu d6 chirc ning tuan ti

(SFC/GRAFCET).
A LA L i 500 L A Fh.l
-+ L 3 B
497 08 4% Ok - L
LV L (¢ 4Lp 40V s
- - -y

Counter Up (S_CU)  Counter Down  Counter Up-Down
(5_CD) (S_CuD)

Hinh 5.16 Cac b Counter

- - - - - =

-+ ek -+ acct -

ON Delay Timer OFF Delay Timer Extended Pulse
(s_opT) (S_OFFDT) Timer (S_PEXT)

-4 - - A,-

Stored ON-Delay S_PULSE - Pulse
Timer (S_ODTS) Timer

Hinh 5.17 Cac b Timer

- HMI & Control Panels 2D/3D: dung dé tao giao dién nguoi may (HMI) va bang
diéu khién tryc quan 2D/3D dé twong tac voi hé thong moé phong. Thu vién gom Céc

nut nhan, cong tac, dén bao, dong ho do, man hinh hién thi, can gat, v.v., c6 thé tuy

chinh.

Analog Rotary Type Analog Rotary Type Analog Rotary Type
VU Meter VU Meter VU Meter

Hinh 5.18 Pong ho do

i 7%
//

Momentary Push-  Momentary Push-  Emergency Stop,
Button, Round Ty... Button, Square T...  Twist to Release

¢RGEy
$

Emergency Stop, Toggle Switch Slider Switch
Twist to Release

Hinh 5.20 Cdc logi céng tdic

Round Buzzer Rectangular Buzzer MMI Buzzer

Hinh 5.19 Cdc loai niit bam

] =3

MMI Numeric MMI Numeric MMI Numeric
Display Box Display Box Display Box
- ..
MMI Numeric MMI Numeric MMI Numeric
Display Box Display Box Display Box

Hinh 5.21 Cac logi man hinh hién thi
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5.3 Céc budc co ban dé thiét ké va mé phong thiy lwc trén Automation Studio
5.3.1 Kho1 dong va giao dién lam vi¢e
- Khéi dong phan mém: M& Automation Studio

- Tao du 4n méi: File -> New Project (Ctrl+N), ban s& duoc dwa dén khong gian
lam viéc

ation Studio™ (DownLoadlyaR) - [Project! : Diagram1]

‘(»)mmﬁnumm o nk 'E;A.N.m.u % lGna || R Pointer Tool | @ Eilpse (@ Polypolygon 7] Picture FO
‘n B ﬂ ‘ © Directtink £ Convert Lk . (Gra /une Nac A spine <5 Field m & = “‘ . i‘ {e; : e

| Project Document umvy Catalogue A Text Picture An:ﬂo Video Other | Custom  Port
Explorer’ Manager ®nmuvy o Animated Link ‘ & Rectangle (@ Polygon T Text File || Component

| Omwing

h-....u—J

Library Explor omponents
90&‘9"&‘7‘3

Generic Components

(Fojectplorer ¥ 8 x
FEREER . »

Name

B. e B Project1
D Hydraukc (250 2219.2:2012)

D Preumatic (150 12:19-2:2012)

© Drive & Transmission Elements (150 1215-2:2012
@ Environment & Control

@ Electrical Control (JIC Standard)

@ Electrical Control (IEC Standard)

@ Digial Electronics

@ Ladder for Allen-Bradley PLC

@ Ladder (IEC Standard)

@ Ladder for Siemens PLC

@ Ladder for LS Electric PLC

& @ 2 ®°Diagramt

[ ydrauic » &l
4 ® m -
Unidirecti Unidirecti Hydrostat Double-
onalPu_ onalPu_ icReser  Acting
- 7S 2% -
Single-  Bidrectio  Variable  3/2-Way
Acting nal Mot Displac NC Vaive

- - -2 #

4/2Way  4/3-  Variable Pressure
NCValve Electric . Relief V.. Reducin
9 L * +
Pressure  Flowmete  Orfice  Check
Gauge r Vaive

6 -~ =~ =
Gas- Normally Normally Proximity

Loaded Open S Closed. Sensor
2 4

dnnd__Preasur

Show Standards (~) e g

Hinh 5.22 Man hinh lam viéc

- Cira s6 Library Explorer (Trinh duyét thu vién): Pay 13 noi chtra tat ca cac thanh
phan ma ban c6 thé sir dung. Thuong nam & phia bén trai ciia man hinh.

library Explorer | Generic Components 2 & X|
COCESEHEER
Generic Components
Search Filter B.
| > Hydraulic (250 1215-1:2012)
| > Pneumatic (150 1218-1:2012)
| &> Drive & Transmission Elements (50 1215-1:2012)
1 Environment & Control
I > Electrical Control (JIC Standard)
| &> Electrical Control (IEC Standard)
I > Digital Electronics
[ @ Ladder for Allen-Bradley PLC
| &> Ladder (IEC Standard)
| &> Ladder for Siemens PLC
1 Ladder for LS Electric PLC

» Hydraulic »

< © i -
Unidirecti  Unidirecti Hydrostat Double-

onal Pu_ onal Pu_ icReser. Ading

- F:s a4 -
Single-  Bidirectio Variable  3/2-Way
Acting...  nal Mot... Displac... NC Vaive

. - B 8

4/2Way  4/3-  Variable Pressure
NCValve Electric.. Relief V.. Reducin
@ ¢ * t
Pressure  Flowmete  Orifice Check
Gauge r Valve

8 - - B
Gas-  Normally Normally Proximity
Loaded.. OpenS. Closed.  Sensor
@ &
taad __ Pressur

[ Show Standards (~)|

Hinh 5.23 Trinh duyét thu vién
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5.3.2 Xay dung va m6 phong mach thuy luc co ban (Mach nang ha co ban)

- Buwéc 1: Kéo tha cac thanh phin co ban

Bé dau (Tank): Ttr Hydraulics -> Tanks & Filters, kéo biéu tuong bé dau (vi du:

Tank with lines) vao khong gian lam viéc.

Bom thuy lyc (Pump): Tir Hydraulics -> Pumps & Motors, kéo biéu twong bom

(vi du: Fixed displacement pump - unidirectional) vao.

Van an toan (Pressure Relief Valve): Tir Hydraulics -> Pressure Valves, kéo biéu

tuong van an toan (vi du: Relief valve, direct operated) vao. Pat van an toan song song

vo1 bom va ndéi duong ap suat cia bom vao van, duong hoi veé bé.

Van phan phdi (Directional Control Valve - DCV): Tir Hydraulics -> Directional

Valves, kéo biéu turong van phan phdi 4/3 (vi du: 4/3-way valve, lever operated, center

closed) vao.

Xy lanh thuy lyc (Cylinder): Tir Hydraulics -> Cylinders, kéo biéu twong xy lanh

tac dong don (vi du: Single-acting cylinder) hodc tdc dong kép (Double-acting cylinder)

vao.

B6 loc (Filter): Tt Hydraulics -> Tanks & Filters, kéo biéu tuong b loc (vi du:

Return line filter) vao dudng hoi vé bé.

;@

&
7 (Is) m—% 7 (Is)
IT
ad

Ea

Hinh 5.24 Cdc thanh phan co ban

1,
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- Buwdc 2: Noi cac duwong ong (Lines)

Di chuyén chudt dén mot cong noi cia thanh phan (vi du: cong ra cia bom). Khi
con tré chuot bién thanh dau cong nho mau do, nhap va gilr chudt, sau dé kéo dén cong
noi cua thanh phan khac ma ban muon ndéi. Khi xuat hi€én dudng mau xanh 14 cay, tha

chudt dé tao két ndi.

Hinh 5.25 Néi dwong ong

- Bwéc 3: Chay mé phong
Nhép vao nut Play (biéu twong miii tén tam giac) trén thanh cong cu hoic
nhan phim F5

?

@
&> }"

I

? (Is)

Hinh 5.26 Chay mé phong
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5.4 M6 phong so dd hé thong thiy lwe thiét ké
- Mach diéu khién thiét ké theo so d6 mach thuy luc cua hé théng, dudi day la

nguyén li hoat dong cho ting giai doan 1am viéc cta hé thong:

T R

T
_S' i “-‘-T—-"—‘—;
= o
i
i
—1' ______ 1] ;
Y 2
i i
‘{:’,’l:}) ‘i,
i
1 |
i
i
'y
L
Hinh 5.27 Hanh trinh nang xilanh ndng,hg
A f
1 S
I .
RS R
|
by
b
te; e |
by
I
- .
! -
— =--—4|~—-— % o s TS B
\ _’* . 30.9 bar
= |
) :
i
i______|
1
Y
i
/‘1\
i
Y
it

Hinh 5.28 Hang trinh ha xi lanh ndng, ha
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303 bar
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Hinh 5.30 Hanh trinh kéo cua xilanh nghiéng
Huéng dan: PSG.TS. Lé Minh DBtic
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5.5 D6 thi md phéng xilanh va bom

5.5.1 Xilanh

Pressure

Hinh 5.31 D06 thi dp sudt ciia xi lanh

Hinh 5.32 Do thi luu lwong cua bom
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-t
w
o

)
-
-
2
v
v
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2

Hinh 5.33 D6 thi dp sudt ciia bom

5.6 Phan tich do thi ciia xilanh va bom

- Tai db thi ap suét lam viéc cua xilanh (Hinh 5.1) cho ta thay ap suét lam viéc
6n dinh cua xi lanh & mirc 130 bar (Gia tri lam viéc khi chua tinh ton thét). Nén mach
mo phong hoat dong twong ddi chinh xac so véi thuc té

- Tai dd thi luu lugng ctia bom (Hinh 5.2) ta thiy khi bom bat dau hoat dong thi
lwu luong ting déu, sau mot khoang thoi gian thi luu lwong bom dat toi luu lwong 1am
viéc cua hé théng (Q =170 1/ph) va duy tri 6n dinh. Nén mach mé phong hoat dong
tuong d6i chinh xéac so véi thuc té

- Tai d6 thi ap sudt cta bom (hinh 5.3), ta thiy ap suit cia bom ludn duy tri trong

khoang 130 bar, nén bom mé phong hoat dong tuwong d6i chinh xac so véi thuc té
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Chuong 6. KET LUAN VA HUONG PHAT TRIEN

6.1 Két luin

- Cung véi sy phat trién manh mé ciia nén coéng nghiép néi chung ciing nhu
nganh co khi dong luc ndi riéng trong nhiing nam gan day thi nhu cau str dung xe nang
1a rat 16n. D0 4n tinh toan hé thong thuy lyc nang hang 3,5 tdn trong qua trinh tinh toan
da hoan thanh cac hang muc da dé ra nhu tinh toan thiét ké cac phan tir trong hé thong
truyén dong thuy luc, cu thé nhu

+ Tinh toan xilanh thuy lyc: d3 x4c dinh duoc duong kinh, chiéu day xilanh;
xac dinh duoc luu lugng va cong suat va d§ 6n dinh cta xi lanh dong thoi tinh duoc do
bén cua can piston

+ Tinh toan duoc thé tich 1am viéc cia bom; x4c dinh cong suét trén truc
truyén, tinh chon va dong thoi xac dinh cac ton that ap suat trén duong ong dé hudng
dén chon bom cho hé thong thuy luc cuia xe nang

+ Xac dinh cac thong sb co ban va tinh chon 10 xo dé thiét ké tinh toan van
an toan

+ Mo phong hé théng thiy luc dé phan tich luu luong va ap suat 1am viéc
cua xilanh va bom dong thoi dé ra hudng phat trién cho xe nang.

- Viéc lya chon vat liéu ré va d& kiém nhat nham phﬁn nao c6 thé giam gia thanh cho
san phém dé co kha nang canh tranh cao hon. Két cau dugc lwa chon sao cho ngudi van hanh
thay thoai mai va thuan tién mat khac chi phi cho viéc bao dudng, sira chira 1a thap.

- Tuy d@é tai co tinh thuc té cao, thdy huéng dan nhiét tinh va chu ddo song do
trinh d6 con ¢ han va kién thirc thuc té con chua cao. Vi vay trong qua trinh lam dd an
con ¢6 chd thiéu s6t em mong céc thay co chi bao thém dé kién thire dugc nang cao.
6.2 Huwéng phat trién deé tai

- Viéc thiét ké hé théng thuy luc cho xe nang hang dang phat trién theo nhiéu
hudng dé dap Gmg nhu cau ngay cang cao vé hiéu suét, an toan, tiét kiém ning luong va
giam thiéu tac dong moi trudng, nén sé co nhitng dinh hudng dudi day:

6.2.1 Sir dung hé théng thiy luc diéu khién dién tir (EHS)

- Thay thé diéu khién co khi bang cc cam bién va van diéu khién dién tir cho
phép diéu chinh chinh xac hon luu luong va ap suat dau, tir d6 t6i wu hoa hiéu suét hoat
dong va giam lang phi nang luong. Viéc nay cling mo ra kha nang tich hgp cac thuat
toan diéu khién thong minh.
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6.2.2 Vat liéu va cong nghé ché tao méi

- Nghién ctru va img dung cac vat liéu nhe, bén hon va c6 kha nang chiu mai
mon, dn mon tot hon dé tang tudi tho va do tin cdy cua cac thanh phan thay lyc.
6.2.3 Thuy lyc thong minh (Smart Hydraulics)

- Két hop cac bo truyén dong thiy luc véi bo diéu khién dién tir, cam bién va kha ning
két néi mang (I0T) dé tao ra cac hé thng tyr thich tmg, tw chan doan va diéu khién tir xa.
6.2.4 Sir dung dau thiry lic than thién méi truong

- Chuyén dich sang cac loai dau thay luc sinh hoc (biodegradable hydraulic

fluids) hoac dau c6 kha nang phan huy sinh hoc, gidm thi€u tac dong néu xay ra ro ri.
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