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TOM TAT

Tén dé tai: THIET KE- CHE TAO MAY CAT CO BANH XiCH PIEU KHIEN TU XA
Sinh vién thyc hién Nguyén Khoa Phuong

Nguyén Thanh Phiic
S6 thé SV: 101200187 Lép: 20C1C
101200186 L6p: 20C1C

Dé tai thiét ké va mo phong may cit co banh xich diéu khién tir xa, nham giai quyét nhu
ciu cit co trén cac dia hinh phuc tap nhu déc, gd ghé, hodc trong cac khu vuc tiém 4n
nguy hiém ddi véi nguoi van hanh. Trong bdi canh xu hudng co gidi hoa va tu dong hoa
ngdy cang gia ting trong linh vuc néng nghiép, viéc phat trién mot thiét bi cit co dam
béo tinh linh hoat, 6n dinh van hanh va an toan lao dong 1a mdt yéu cau cép thiét.

May cit ¢ dugc dé xuat trang bi hé thong banh xich nham ting cudng kha ning co dong
va do bam trén cac bé mit dia hinh kho khian. Co ciu cit truc bam duoc lva chon dé tdi
uu hoa hi¢u qua cat va dam bao chat luong bé mat co sau khi cat. Dic biét, viéc tich hop
hé thong diéu khién tir xa cho phép nguoi van hanh kiém soat may tir mot khoang cach
an toan, qua d6 giam thiéu dang ké nguy co tai nan lao dong.

Dé tai bao gém cac cong doan: thiét ké co khi téng thé, tinh toan va lya chon cong suat
dong co, xac dinh vat li¢u ché tao phu hgp. Song song do6, nghién cuu tién hanh mo
phong phan tich ung suat — bién dang trén két cdu khung may bang phan mém Ansys
nham danh gid d6 bén viing cua thiét ké va dua ra cac phuong an ti uu hoa. Cac thong
sb k¥ thuat quan trong nhu luc cat, toc do di chuyén, duong kinh truc cat, khoi luong va
mo men quan tinh ciia cum dao cét cling duogc tinh toan va tich hop vao mé hinh mé
phong.

Két qua cua dé tai du kién s& cung cip nén tang khoa hoc va k¥ thuét cho viéc ché tao
modt mau may cit co tién tién, than thién v6i moi truong, phu hop véi dac thu dia hinh
tai Viét Nam. Thiét bi nay c6 tiém ning tmg dung thuc tién cao trong cac hoat dong phat
quan, chdm soc vuon cdy, quan 1y d6i ché, dén dién cao su nhung noi c6 dia hinh khong
bang phang va cc cong trinh cong cong khac.
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1. Tén dé tai do dan:
THIET KE- CHE TAO MAY CAT CO BANH XICH PIEU KHIEN TU XA
2. Dé tai thue dién: O C6 ky két thoa thudn sé hitu tri tué doi véi két qua thuec hién
3. Cdc s6 liéu va dir liéu ban dau:
- Ning suit yéu ciu ta chon 13 0.2 ha/h.
- Van tdc di chuyén khong tai 8 km/h.
- Khéng bi can tro bai cac doe dudi 35°.
4. Néi dung cdc phan thuyét minh va tinh toan:
- Gio6i thi€u chung
- Tinh toan & thiét ké co cau truc bam
- Tinh todn dong hoc xe
- Thiét ké hé thdng truyén dong xe cét vo banh xich diéu khién tir xa
- Thiét ké hé thdng diéu khién
- Thiét ké két cau khung d& truc bam.
- Thiét ké hé thdng truyén dong banh xich cao su
- Tinh toan thiét ké hé thong khung han thép tdm cho hé thong treo.
- Tinh toan thiét ké hé thong lam mat cho xe

- Quy trinh ché tao chi tiét truc cét

5. Cdc ban vé, do thi ( ghi ré cdc loai va kich thwéc ban vé ):

- Ban vé phuong 4n AO
- Ban v& so do nguyén Iy AO
- Bén vé& tong quan A0
- Ban vé& két tong quan khung cit AO
- Bén vé& két cdu khung cat AO
- Ban vé& két cau khung than AO
- Bén vé& hop giam tdc AO
- Ban v€ nguyén cong A0

- Ban v& mach diéu khién AO



6. Ho tén ngueoi hudng dan: TS. VS Tran Anh

7. Ngay giao nhiém vu dé dn: ... VA /201.....
8. Ngay hoan thanh @ dn: ... /o201 ......

Pa Nang, ngay  thing  nam 2025
Truéng BOmon .......................... Nguwoi hwéng dian



LOI NOI PAU

Nganh co khi n6i chung va nganh co khi ché tao may noi riéng 1a mot trong
nhirng nganh quan trong, co tinh then chdt va ciing 1a nén tang dé dua dat nudce ta trd
thanh mot nuéc cong nghiép hién dai. Dé dap tng nhu ciu khoa hoc k¥ thuét thi ngudi
k¥ su co khi 1a rat can thiét d6i v6i mot nude cong nghiép phat trién.

Trong bdi canh hién nay, khi nhu cau co gi6i hoa trong nong nghiép, viéc tmg
dung céc thiét bi tu dong va diéu khién tir xa vao cong viéc cit co, 1am sach mat béng
tré nén ngay cang can thiét. Dic biét tai cac khu vuc dia hinh phirc tap, déc nghiéng
hodc c6 nhiéu vat can, cac loai may cit ¢o truyén théng st dung banh xe hodc van
hanh bang tay khong con dap (mg hiéu qua vé mit an toan, cong sut va tinh linh hoat.

Do an t6t nghiép nganh 13 moén hoc cudi ciing ciia mdi sinh vién trudc khi ra
trudong. N6 trang bi cho sinh vién dy du kién thuc tong hop da hoc duoc, giup cing
cd lai kién thirc da hoc tai giang duong va 1a hanh trang hiru ich cho sinh vién trong
qua trinh lam viéc sau nay. Poi véi sinh vién khoa Co Khi ché tao may, sau khi da
hoan thanh hét cac chuwong trinh hoc tai trudng, chung em dugc thiy gido hudng din
dé tai 6 an tot nghiép “Thiét ké — Ché tao mdy cdt cé banh xich diéu khién tir xa”.
Sau mot thoi gian tim hiéu va 1am viéc dudi su gitp d&, huéng din tan tinh cta thay
TS. V6 Tran Anh chiing em d3 hoan thanh nhiém vy do an tot nghiép caa minh. Em
hy vong véi dé tai nay s& giup em kiém tra lai kién thirc di hoc duogc va trang bi thém
kién thirc dé 1am nén tang cho em sau nay. Pay 1a 1an dau tién ching em thiét ké dé
tai co kién thtrc tong hop khé rong va do hiéu biét con han ché nén s& khong tranh
nhirng thiéu sot trong qua trinh lam do an rat mong duoc thay gop ¥ thém.

Em xin chan thanh cam on.

Da Nang, ngay thang 12 nim 2025

Sinh vién thuc hién:

Nguyén Thanh Phuc
Nguyén Khoa Phuong



CAM DOAN

Véi sy hudng dan tan tinh cua gido vién huéng dan va tham khdo céc tai licu em da
hoan thanh d6 an tot nghiép ctia minh va xin cam két rang:

Qua trinh hoan thanh db an thuc hién dang yéu cau cua gido vién hudng din.
Céc s6 liéu, cong thirc trich din déu tir cac tai liéu tham khao déng tin cay
Tuén thi cac quy dinh cta nha trudng dé ra vé cach thire trinh bay db an.

Khong trich din, sao chép tir cac ngudn tai liéu khi chua duoc sy dong ¥ ciing
nhu cac tai liéu vi pham phap luéat.

Sinh vién thuc hién

Nguyén Thanh Phuc va Nguyén Khoa Phuong
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MO DAU

Trong béi canh khoa hoc k¥ thuat khong ngimg phét trién, viéc img dung ty dong
hoa va co khi vio doi séng, san xuat nong nghiép ngay cang tré nén phd bién va can
thiét. Pac biét, trong linh vuc ndéng nghiép, trong cdy cong nghiép, viéc sir dung céc
thiét bi hd tro nhu may cat co da gop phan giam thiéu stc lao dong thi cong, nang cao
hiéu qua va an toan lao dong trong cong viéc. Xuat phat tir nhu cau thuc té ciing nhu
mong mudn ap dung nhiing kién thirc d hoc vao thuc tién, em da lya chon dé tai: "Thiét
ké va ché tao may cit co banh xich . Thiét bi hoat dong hiéu qua trén dia hinh déc. Muc
tiéu ctia dé tai 1a thiét ké may cat co c6 kha niang hoat dong 6n dinh trén dia hinh phtic
tap nhu ddi ddc, dam bao tinh co dong, hi¢u qua cit cao va do bén co khi. Bén canh do,
viéc tinh toan mo phdng, lura chon vat liéu, kiém tra d6 bén két ciu béng cac phén mém
mo phong ciing duge chi trong nhiam tdi wu hoa thiét ké va nang cao d tin cay khi van
hanh.

Qua dd 4n nay, em mong mudn goép phan tao ra mot san pham co tinh Gmg dung
cao, hd tro tdt cho nguoi lao dong trong cong viée cit co, dic biét tai cac vung dia hinh
kho tiép can. Pong thoi, day ciing 12 co hoi dé em van dung kién thirc chuyén nganh vao
thue té, rén luyén k¥ ning thiét ké, mo phong va tu duy ky thuat trong moi truong k¥ su

co khi hién dai.
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Chwong 1 Giéi thiéu chung

1.1  Tinh cép thiét cia deé tai.

Trong bdi canh ndéng nghiép hién dai, viéc co gidi hoa dang tré thanh mot xu
hudng tat yéu nham nang cao ning suat lao dong va giam thiéu chi phi san xuat. Pic
biét, vdi dia hinh da dang va phure tap cua Viét Nam, cac loai may mdc c6 kha nang hoat
dong linh hoat trén nhiéu loai dia hinh dang nhan dugc sy quan tam 16n. Mdt trong
nhitng giai phap tiém nang 13 may cit co banh xich, thiét bi duoc thiét ké dé hoat dong

hi€u qua trén cac vung dat bun lay, doi doc va dia hinh go ghe.

- . = P Y-
O 49 E ok ¥ A o Xt o <A

Hinh 1. 1 Dién tich cdy trong lém & nudce ta.

Viét Nam c6 tong dién tich dat ty nhién hon 33 triéu ha. Trong d6, dat doi nui
chiém khoang 75% dién tich, tirc khoang 24,75 tri€u ha, va dat déng béng chiém khoang
25%, tirc khoang 8,25 triéu ha.[1]. Dat ddi nui thudng c6 do dbc cao, voi khoang 12,4
triéu ha c6 d6 dbc trén 25°[2]. biéu nay dat ra nhiéu thach thirc dbi véi céc loai may cat
c6 truyén théng nhu may cat co banh 16p hodc may cit c6 cam tay sé& kha ton nhan luc,
vbn chi hoat dong t6t trén dia hinh bang phang va dat ctng.

Tuy nhién, v&i su phat trién ciia cong nghé, cac may kéo banh xich da dugc ché
tao dé hoat dong hiéu qua trén dia hinh doc va bun lay[3]. May cat co banh xich ¢ wu
thé vuot troi nhd kha nang phan bo trong lwong déu, giam ap luc 1én mat dat va duy tri

d6 bam t6t, gitp nang cao hiéu suat lam viéc ngay ca trong diéu kién bat loi. Nhitng may
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nay c6 kha ning di chuyén linh hoat trén dja hinh gb ghé va khong bang phing, thAim
chi trén bé mit dit yéu[4].Vé6i dic diém dia hinh da dang va nhiéu khu vue doi nui, viée
ap dung mdy cit cé banh xich trong nong nghiép Viét Nam c6 trién vong tich cyc. Chung
gitip ting hiéu suét canh tac, mé rong dién tich canh tac trén dat doc va cai thién diéu
kién lam viéc cho ndng dan, dac biét trong cac vung chuyén canh cay cong nghiép va
chan nuéi quy mo 16n.
1.2 Muc tiéu deé tai.
- Thiét ké va mo phong mdy cat cé banh xich diéu khién tir xa c6 kha ning di
chuyén trén dja hinh go ghé, déc.
- Tich hop hé thdng diéu khién tir xa, str dung hé thong truyén dong banh xich.
- MO0 phong, thir nghiém va t8i wu hiéu suat hoat dong ciia may.
1.3 Téng quan cong nghé hién tai.

Hi¢n nay, trén thi trudong co nhiéu loai may cit ¢co phuc vu da dang nhu cau, tir
quy md gia dinh dén san xuat néng nghiép va canh quan dé thi. Cac dong may phd bién
gdm may cit co cam tay, may cat co ddy tay, mdy cat co tu hanh va may cit co ty dong.
May cit ¢6 cam tay c6 thiét ké nho gon, d& str dung, phu hop véi cac khu vuce nhé nhu
san vuon hodc dia hinh phtic tap. Trong khi d6, may cét co day tay, thudng c6 banh xe
hd trg, gitp giam sirc lao dong va cai thién hiéu sut. Déi voi quy mé 16n hon, may cit
¢6 tu hanh, gém ca loai banh lép va banh xich, mang lai nang suét cao, dic biét hiéu qua
trén déng rudng, san golf hoac dia hinh ddi nai. Ngoai ra, cac dong may cit co tu dong
diéu khién tir xa hodc sir dung cong nghé Al dang ngay cang phd bién, gitp tiét kiém
nhan coéng va tdi vu hoa thoi gian lam viéc. Mdi loai may déu c6 wu nhuoc diém riéng,
tiy theo diéu kién dia hinh va nhu cau str dung ma ngudi dung c6 thé Iya chon thiét bi
phu hop.

Pénh gia hiéu suit 1am viéc cta cac may cat co hién nay.

Hiéu suét lam viéc ctia may cit co dugc xac dinh [5]:

SwEf
Ct=
10,000

Trong do:
e Ct: Cong suét thuc té (ha/h).
e W : Chiéu rong ludi cit (m).
e S:Tbc do di chuyén (m/h).
e E : Hiéu suit thuc té (%) (thuong dao dong tir 0.7 - 0.9 tuy loai may va
diéu kién lam viéc).

e 10,000: H¢ s6 chuyén dbi tir m? sang ha.
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1.3.1 May cit cé thi cong (cam tay)
Diéu kién bang phing
e Chiéu rong ludi cit: 0.15 - 0.4 m
e Tbc dd di chuyén: 2.5 - 4 km/h (2,500 - 4,000 m/h)

e Hiéu suat thyc té: 70% (do can thao tac thil cong)

Ct = (15 0X(250024000)X07 _ § 26~0.112 ha/h

10,000

Diéu kién dbc 40°
e Tbc dd di chuyén giam con: 1.5 - 2.5 km/h (~1,500 - 2,500 m/h)
e Hiéu suat thyc té giam con: 50 - 60% (mét strc, giam do chinh xac)

Ct = (015~0.4)x(1,500~2,500)x06 _ 4 313-0 06 ha/h

10,000

1.3.2 May cdt cé banh lop.
Diéu kién bang phang
e Chiéu rong ludi cat: 0.5-1.6 m
e Tbc do di chuyén: 6 - 10 km/h (~6,000 - 10,000 m/h)

e Hiéu suit thuc té: 80 - 85%
Ct _(0.5~1.6)%(6,000~10,000)%0.85

10,000
Diéu kién ddc 40°
e Tbc @6 di chuyén giam con: 3 - 5 km/h (~3,000 - 5,000 m/h)
e Hiéu suit thuc té giam con: 50 - 70% (truot banh, mat 6n dinh)

Ct=OELOXCO00-5000)x06_ 4 5 o
10,000

=0,255~1.36 ha/h

1.3.3 May cit cé banh xich
Piéu kién bang phang
e Chiéu rong ludi cat: 0.5-1.8 m
e Tbc d6 di chuyén: 5 - 8 km/h (~5,000 - 8,000 m/h)

e Hiéu suit thuc té: 85 - 90%
Ct:(0,5~1,8)><(5,000~8,000)><O.9
10,000

=0.225~1.3 ha/h

Diéu kién dbc 40°
e Téc d6 di chuyén giam nhe con: 4 - 6 km/h (~4,000 - 6,000 m/h)

e Hiéu suat thuc té&: 80 - 85% (banh xich bam t6t hon banh 16p)
_(0,5~1,8)%(4,000~6,000)x0.85__

Ct =0.17~1.0 ha/h

10,000
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Béang 1. 1 Bang so sanh hi¢u suat cac loai may cat co.

L Bing phing Dic 40° Giam hiéu suit
Loai may
(ha/h) (ha/h) (%)
May cit c6 cAm tay 0.026~0.112 0.013~0.06 ~40% - 50%
May cit ¢6 banh 16p 0,255~1.36 0.1~0.5 ~50% - 60%
May cit c¢6 banh
h 0.225~1.3 0.17~1.0 ~20% - 35%
XIC

1.3.4 Nhdn xét:

May cit c¢6 cAm tay: chiu anh hudng 16n nhat trén dia hinh doc (giam 40 -
50% hiéu suat).

May cit c6 banh 16p: c6 hiéu suat cao trén dia hinh bang phang nhung giam
manh trén dia hinh déc do truot banh.

May cit ¢6 banh xich: hoat dong on dinh nhat, giam hiéu suét it nhat (~20
- 35%), thich hgp cho dia hinh phuec tap.

1.4  Giéi thiéu hé théng xe banh xich.
Xe banh xich 1a mot dang xe chuyén ding phd bién trong cac phuong tién nhu

xe tang, may xuc, may kéo, may nong nghi€p. Vi vady cau tao cua xe banh xich cling co6

nhiéu két cdu dic biét hon so v6i xe banh hoi giup phan bo trong lugng tt hon va ting

kha ning bam duong trén dia hinh phirc tap nhu bun 13y, doc ding hodc dat mém.

Cau tao chung cua xe banh xich gom:

+

+

+

Hé théng khung gam.

Hé thong truyén luc: truyén luc co khi va truyén luc thuy dong.

Hé théng treo: 14 hé thong ndm giita hé thong khung gdm vé6i hé thong di
chuyén ,chiing ¢6 nhiém vu lién két va giam chan cho xe.

Hé théng di chuyén: gSm dai xich, banh sao chu dong,... truc tiép tiép xuc
v6i nén duong dé xe di chuyén.

Thiét bi chuyén ding: Tuy thudc vao ting nhiém vu cong tac ciia xe banh
xich.

So d6 dong hoc cac loai két cau may cat cd banh xich.
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Khung gam \
Banh truyén lyc cubi 1 2 3 4 5 '
B9 truyén dal réing
Hop dién didu khién
Banh xich
Dong co cat co = ‘ [ A
B4 truyén dal cit co ) | ’
Banh chu dong ! e ' |
Dong co xe I
10. Banh ty xich i |
11. Banh dén huéng : o | /]
12, Cuym co cdu cit co o R DO e i
!
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Hinh 1. 2 So do dong cua hé truyén dong dién doc lap cho tirng banh xich.

CAu trac hé théng truyén dong dién doc 1ap cho ting banh xich.
- MJdi banh xich dugc dan dong béi mot dong co dién doc lap.
- Hé thong diéu khién dién tir thay doi toc do timg dong co dé xe di chuyén
hoic quay dau.
- Hé théng cat c¢o st dung mo-to dién gan truc tiép vao ludi cit.
Uu diém
Diéu khién chinh xé4c, d& dang 1ap trinh va ty dong hoa.

Giam ton that co hoc do khong can hop sd hodc truyén dong co khi.

Hoat dong ém ai, khong tao tiéng on 16n.

Co thé sir dung ning luong tai tao nhu pin mit trdi hodc pin lithium-ion.

Nhuoc diém
- Can hé thong pin hodc bd ngudn 16n dé cung cap du dién ning.
- Chi phi dau tu ban dau cao.
- Hé théng dién c6 thé bi anh hudng boi diéu kién méi truong (nhiét do cao,
am uot).
Ung dung phu hop
- Xe cit co ty dong trong khuén vién rong 16n nhu san golf, cong vién, khu d6
thi.

- Moi truong yéu cau van hanh ém ai, khong gay 6 nhiém.
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Khung gdm 1 2 3 4 5 6 - [ H
Banh truyén lyc cudl X N ) \ \ i

B truyén dal riing 1 ‘) 1AN H ‘ H . I‘ lH
Van thdy lye &3 .*ﬁh N | |

May bom thuy lye
Banh xich \f b D\ -
Dong co thiy lue cum co clu cit cd | i '?_:.Yir h & o W
B0 truyén dai rang cum co chu cat cb : P ad‘ [

Banh chu déng LE 3

Béng co thiy lyc xe
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14, Cym co cédu cét co

12/

Hinh 1. 3 So' d6 ddng ciia hé truyén dong thiy luc két hop véi co cdu cat thiy lyc.

CAu trac hé théng truyén dong thuy luc két hop véi co cdu cit thuy .
- Pong co dbt trong (xing hodc diesel) din dong bom thiy lyc.
- Hé théng thuy luc cung cap dau ap suat cao dé van hanh banh xich thay luc
va co cdu cat co thuy luc.
- Céc motor thuy luc trén mdi banh xich diéu khién tdc d6 xe bang cach diéu
chinh lvu luong dau.
Uu diém:

- Cong sudt manh, hoat dong tt trén dia hinh phtrc tap.

D@ dang diéu chinh tdc d6 va lyc cit thong qua diéu tiét luu lugng dau.

Do bén cao, it hu hong do khong c6 hé thong truyén dong co khi phirc tap.

Thich hop cho xe cit ¢ cong sudt 16n 1am viéc trén dia hinh gb ghé.

Nhuoc diém
- Hé théng thay lyc phire tap, can bao tri thuong xuyén.
- Hiéu suat thap hon do ton that nang lugng trong bom va van thuy lyc.
- C6nguy co 10 ri dau thuy luc, gy anh hudng méi trudng.
Ung dung phu hop
- Xe cit c6 cong nghiép trén dia hinh gd ghé hoic ving nong nghiép rong 16n.

- Ung dung trong moi trudng khic nghiét nhu ddi nai, ddng rudng 1ay 16i.
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Khung gdm
Phanh dia
Banh truyén luc cudi
Ly hop chuyén hwéng
Hop giam tbe
Truyén déng chinh
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. Banh xich
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Hinh 1. 4 So do dong cua hé truyén dong co khi bc%ng hop 56 va truc truyén dong.

Céu trac hé thong hé truyén dong co khi bang hop s va truc truyén dong .
- Truc truyén dong két ndi véi hai banh xich thong qua vi sai co khi.
- Co chu cit sir dung day dai truyén dong dé quay ludi dao.
Uu diém
- Hiéu suat truyén dong cao, it ton that nang luong.
- CAu trac don gian, chi phi thép hon so vo1 hé théng thuy luc hoac dién.
- D@ bao tri, khong can hé thong dicu khién phtc tap.
Nhuoc diém
- Khong linh hoat trong diéu khién, kho quay xe tai chd.
- Phat sinh tiéng 6n 16n do truyén dong co khi.
- Luc tac dong 1én hop s6 va truc truyén 16n, can bao tri dinh ky.
Ung dung phu hop
- Xecétcod gia ré, hoat dong trong diéu kién don gian.

- Ung dung trong cac nong trai nhd, sin vuon tu nhan.

Banh sao chu dong
Banh ty d& xich
Banh xich

Hé théng giam séc
Banh dan huéng

Hinh 1. 5 Cdu tao chung xich di chuyén.
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Banh sao chu dong: Banh chi dong hinh sao hay banh chi dong cua may i hoac
may kéo, nhan chuyén dong quay tir ly hop 14i hodic mé to thuy luc, qua cip banh ring
truyén dong cudi cuing dé bién thanh luc kéo dai xich va toan bd may chuyén dong tinh
tién

Banh dan hudng: Banh dan huéng hay con goi 1a banh cing xich, co tac dung
dan hudng chuyén dong cho dai xich va cing véi co ciu cing xich giit cho xich & do
cang nhat dinh, bao dam cho may 1am viéc duoc binh thudng.

Bénh xich: hay con goi la dai xich 1a mot vong kin bao gom cac mat xich ndi ban
1& v6i nhau, lam thanh mot dudng ray vo tan dé banh chi dong quay hay chuyén dong.
Phia trong mdi dai xich ¢ cac duong gan dé cho ring cua banh sao chu dong dn khop
va dé dan huéng chuyén dong cho cac banh cing xich, d& xich va dé xich. Phia ngoai
mdi mit xich thudng co viu bam, dé bam chic véi dat, bao dam chuyén dong cho may.
Céc mat xich dugc nbi ban 1& véi nhau, nho chét xich, vong dém va chdt ham.

Co cdu cang xich: c¢6 tac dung gitt cho banh dan hudng hay banh cing xich & mot
vi tri nhat dinh, bao dam d6 cing cua xich va co thé didu chinh do cing cia xich khi can
thiét, dong thoi con 1am giam va dap (xoc) khi phan trude cia xich va cham phai vat can
trong khi 1am viéc. Nguyén tic lam viéc cia co cdu cing xich 1a thay d6i hay diéu chinh
khoang cach giita banh sao chit dong va banh din hudng bang cach xé dich banh dan
huodng.

Banh ty d& xich: Banh ti hay banh d¢ xich c6 tac dung truyén tai trong ctia may
xudng nén qua phia dudi cia dai xich, bao dam xich tiép xtc voi mat dudong déu hon.
Bénh ti xich lam viéc trong diéu kién tai trong 16n, do trong luong ctia mdy, luc tic dung
ngang cua dudng khi quay vong hay chuyén dong mit duong nghiéng, nén thudng duoc
duc hay dap bang thép cac bon. S6 luong banh ti xich, phu thudc vao chiéu dai va trong
luong cua dai xich, thuong mdi dai xich c6 khoang 4 dén 10 banh ty xich. Dé ap suat
phan b6 déu 1én dai xich va giam chan dong khi chuyén dong trén nén cing go ghé,
ngudi ta ché tao cac banh ty xich theo ting cip xoay quanh mdt truc.

1.5 Phan tich thiét ké module ludi cit

Duéi day 1a 3 kiéu ludi cat module phd bién dugc thiét ké dé phu hop véi nhidu
loai ¢, dia hinh khac nhau.

1.5.1 Phwong dn 1: Lwéi cit quay ngang (Rotary Blade)

Cau tao:
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Hinh 1. 6 Luéi dao quay ngang.

- Ludi dao quay tron voi toc do cao, c6 thé 1a ludi dao don hodc da ludi.
- Hoat dong dua trén mo-to dién hodc truyén dong day dai.
- (C06 thé diéu chinh dd cao cét bﬁng hé théng nang ha thuy lyc hodc co khi.
Uu diém:
- Cat nhanh, pht hgp v&i c6 mém, dong co bang phang.
- Bao tri don gian, d& thay thé ludi dao.
Nhuoc diém:
- Hiéu suit thip trén dia hinh gb ghé hoic c6 day, ctng.
- Khdng phl hop véi dia hinh ¢6 nhiéu da hodc gdc cay 16n.
Ung dung:
- San golf, cong vién, san vuon do thi, déng cod b?mg phéng.
1.5.2 Phwong dn 2: Luéi it lwgi liém dao di dgng (Sickle Bar Cutter)
Chu tao:

Hinh 1. 7 Lu6i cdt lwéi liem di déng.

- Hé théng lugi dao di chuyén qua lai véi toe do cao.
- Lu®di dao dang ring cua, duoc din dong boi hé théng co khi hodc thuy luc.
Uu diém:
- Phu hop véi co cao, ¢6 climg va dia hinh gb ghé.
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- Cit gon gang, khong lam hong dit nhu ludi quay ngang.

- Tiéu thy it ning luong hon so voi hé thong ludi quay.
Nhugc diém:

- Téc @6 cit cham hon so véi ludi quay ngang.

- Dé bj ket khi gip cay nho hodc bui ram day.
Ung dung:

- DPong rudng, bii co cao, ving c6 nhiéu loai cé cing, ddi nui.

1.5.3 Phwong dn 3: Luéi cdt trong quay (Flail Mower)

Céhu tao:

Hinh 1. 8 Ludi cdt truc bam.

- GOm nhiéu ludi dao nho gén trén mot truc quay, hoat dong nhu mot bd bua
dap co.
- Truyén dong qua dong co dién hodc thuy luc.
- C6 thé diéu chinh tdc d6 quay va do cao cit.
Uu diém:
- Hoat dong hiéu qua trén dia hinh khong bang phang, co soi da.
- Cét dugce ¢o day, co bui va ca cay nho.
- Khdng bj ket 1udi khi gip vat can nhu ludi liém.
Nhuoc diém:
- Tiéu thu nang lugng cao hon so vdi cac phuong an khac.
- Bao tri phtc tap hon do nhiéu ludi dao nho.
Ung dung:
- Trang trai, duong di néng nghiép, khu vuc hoang da, dia hinh co gdc cay
nho.
= Chon thiét ké khung cat truc bam dé'vi wu diém dé bdo tri phu hop voi

diéu kién dia hinh doi nii, phdt quan bui rdm cia nwoc ta.
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Chwong 2 Tinh toan & thiét ké co cAu truc bim

Cau tao va nguyén ly hoat dong caia may cit cé banh xich.

Khung gdm
Banh truyén ye cudl 1 2
B4 truyén dal rang A3

Ho6p dign diéu khién \[T]

Banh xich )

Déng co chtcd ==

B& truyén dal cit cod

Banh chd déng LJ

20ng co xe
Banh ty xich

Banh dén hudng [——

Khung bao vé lud| cit

Trye dao cit cé
Lud®l dao

Olan
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Hinh 2. 1 So d6 dong may cit c¢é banh xich.

Dao cat 14 c6 vai tro tdc dong truc ti€p 1én cd dé cat va lam tach ro1 co. Dao

chuyén dong quay quanh truc 13 thong qua hé truyén dong banh dai va ndi véi truc cua

dong co. Khi lam vi¢c ta bat dong co lam cho dao cit quay quanh tryc va thyc hién viéc

cat co.

2.2 Xac dinh thong s6 ky thuat may.

bé thiét ké dung vo1 nang suat ma ta y€u cau ta phai tinh chon bé rdng cia may

va van toc tién ctia may khi lam viéc, tinh chon sao cho phu hop ning suat va di€u kién

k¥ thuat cia mays. Véi ning suit yéu cau ta chon 13 0.2 ha/h.
2.2.1 Chon diéu kign lam vigc.

biéu kién dbc 40°:

Ct:(X)x(4,000)><0.85_

=0.2ha/h

10,000

- Téc d6 di chuyén: 4km/h (4,000 m/h)

- Bé rong ludi cat: 0.6m

- Dang ludi cat cat dap (truc ngang)

Sinh vién thyc hién: Nguyén Khoa Phuong
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Hinh 2. 2 Mdy cat cé quay, hién thi (a) géc nhin tir bén va (b) chi tiét may cat
(in lai tir Persson, 1987)

- Ludi dao co6 goc vat 20°

| I
| I
| I
i |
I
I

3 ¥

'$_| = = @%—ER:_—_-ZI

1L

|
|
|
|

>_¢,

I
|
| i
| I
| I
| |

Hinh 2. 3 Két cau luwdi dao theo thiét ké.

- S6 ludi dao: 12 ludi
2.2.2 Khéi Iwong bé Iwéi dao:
m = Mg+ My
Véi:

mt: khéi luong truc quay (kg)

ma : khdi lugng ludi dao cat c¢o (kg)
Sinh vién thyc hién: Nguyén Khoa Phuong Giang vién hudng dan: TS. VO Tran Anh
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- Khdi lugng truc quay
Vi= mhe(rf — r$)
Véi:
Vi : thé tich truc quay (mm3)
he : chidu dai truc quay (mm)
ri: duong kinh ngoai truc quay (mm)
r2: duong kinh trong truc quay (mm)
Vi =r.600.(30% — 28%) = 218654,8 mm?
m:= 7850.10°. V..
= 7850.10°. 218654,8 = 1,7 kg
e Khéi luong dao:
Vg = Sq. lg
Voi:
Vg: thé tich dao cat
Sa : dién tich dao cit, Sq¢= 165 (mm?2)
lg: chiéu day dao cit
Vg =165 . 30= 4950 mm?3
mg = 7850.10°.Va.
=7850.10"°. 10605=0,039 kg
m = my+ mg=1,7+0.039 =1,739kg
2.3 Tinh toan céc théng sé co ban cia by phan cit.
2.3.1 Luc can thiét dé cit cé.

N\AN
-

. M : Foe / o

\~\ F
W e

¢hk x F.
foo t
nﬂa’:al countershear f
AAN
g xw ety —

(a) (b)

Hinh 2. 4 Luc ciia dao trong qud trinh cdt.

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
Nguyén Thanh Phiic
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Guard
Tip

Ledger

Sickle Plate

Section

Hinh 2. 5 Céu tao luéi dao.

Khéi luong cta cdy phia trén vét cat 13 0,01 kg. Gia st rang vét cit xdy ra khi ap
sudt phia trudc ludi dao dat 25 N/mm2[6]. Ludi dao c6 goc vat 1a 20°, goc hd bang
khong va ban kinh ludi dao 1a 0,3mm

Dién tich mit trude cia ludi dao co thé dugce tinh toan:[6, trang 339 cong thirc
(11.12)]:

Ack = e[ 1 + cos(@bk + k)]
Voi:
Ack: dién tich mit trude cua ludi dao, (mm?).
lek : ban kinh cua miii dao, (mm)
¢uk: gbc vat cua ludi dao
¢ck: gOc nghiéng dao, @ = 0°
Ack = 0.3[1 + cos(20° + 0)]=0,582 mm?
Chiéu rong s& dugc coi 1a bang dudng kinh than cdy 5 mm. Cho 4p suit t6i han
la 30 N/mm?[6], luc can thiét dé bat dau cat sé la:
Fek= Aek .(dc). Pc
Voi:
Fex: luc can thiét dé bat dau cit, (N).
dc : duong kinh than cay, dc =5 (mm)
Pc: ap sudt toi han cua cay dang co, Pc =25 N/mm?
Fek=0,582.5.30=87,4 N

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
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center of gravity
of cut plant

Hinh 2. 6 Lirc va mémen trong qud trinh cdt va dap.

Theo tai li€u[6], cac thong s6 co hoc cua soi thuc vat thay dbi theo loai cay:

Bang 2. 1 Ung xudt kéo cdc logi thuc vit.

. . Ung suit kéo gi6i han
Loai thuc vat
Su (N/mm?)
Thanh té bao thi cap
1100
(Secondary cell walls)
Phan vo ngoai (Outer layer,
vo ngoa ( 4 2-14
skin)
Than c6 Timothy (phan ran) 90-470
Than c6 Alfalfa (phan ran) 90 - 470
Tai trong gi6i han khi bi uon.
=1 5
Fbu - - . L

Voi:
Fobu: luc udn téi han, (N).
Su : tmg suat kéo gidi han, Sy = 90 (N/mm2)
I: momen quén tinh ctia mat cat ngang, (mm?)
¢: ban kinh ctia than dén soi chiu tai xa nhat, bang mot nira than cay(mm)
L: chiéu cao cit, L= 30mm

d* . 5%
=22 =22 =30.6 mm*
64 64

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
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Foo = —2 .2 =36 72 N

2.5/2°30
2.3.2 Van téc cit.
Theo tai li€u[6, trang 342 cong thirc (11.16)], cac thong s6 co hoc cua soi thuc
vat thay doi theo ting loai.

_ 2
Vi= [d, Lexlo) (1 + ZL;’)]O'S

1000 m,, r2
Véi: Khi cac gia tri cho rq VA Zeg khong ¢6 sin, mot phuong trinh gan ding don
gian hon c6 thé thu dugc bang cach gia st rang rg = Zeg
Vi: van tdc dao, m/s
Su : g sut kéo gidi han, Sy = 90 (N/mm?)
I: momen quén tinh ctia mit cit ngang, (mm?)
m,,: khi lugng cay phia trén vét cit, m, = 0.01 kg

G235 (1 42)105 = 5,9 mis
1000. 0,01 1

V=[5
Vé mit 1y thuyét, chiéu cao cta gdc ra c6 thé tré nén khong dong déu néu van
toc xe (vi= 4 km/h =1,11 m/s) tr& nén qua 16n so voi téc do cat cua dao, vp. Khoang

cach, zq, trong Hinh 2.8.

Vi W

Hinh 2. 7 Minh hoa chiéu cao goc ra khéng dong déu khi cdt.
C6 thé st dung phuong trinh[6, trang 351 cong thirc (11.23)] sau dé tinh gia tri
gan dung ciia zq :

Zd = 1- cos (—=—)
T Ar(1+Cy)

Véi:
Zg: 46 chénh léch chiéu cao giita cac cay khi cat, (m).
A+ sb lugng hang ludi dao trén truc A, = 4

0 1A i~ A A M N A A . R v
C,: ty I¢ gitra van toc cat va van toc di chuyén, C,= v—p > 10
f

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
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rr: ban kinh dén dinh dao cat ry=0.09 m

Véi:
vi=1,2m/s=>v,>12 m/s
Zd — 1.
0,09 1- cos (4. (1+10))

Zy =6,98.10% m =6,98 .10° mm
= Két luan: chon vp = 12 m/s
2.3.3 Xdc dinh dgng co cat.
¢) Xac dinh cong suat dong co.

Plv

PCt
Véi:
Pet: cong suat trén tryc dong co dién, (kW).
Pi: cong suét trén truc cat co, (KW).
n: hiéu suat truyén dong.
n=n3,. na=0.995.0,95 = 0.945

_ Fek- Vp
P = 1000
Py =222 - 1 048 KW
Per = 22 = 1 099 kW

d} Xac dinh so bo s6 vong quay dong bo.
Nsb = Niv. Ut
Voi:
Nsv: SO vong so bd ciia dong co, (ve/ph).
niv: S6 vong quay truc cét co, (vg/ph).
Ue: ti sO truyén.

Ut=Udg=2
_ 60000.v5 _ 60000.12
v=——"F—=—12—= = 1273 vg/ph

nsp = 819. Uy = 2457 vg/ph

= Viéy chon dong co c6 cong suat 1,2 kKW, n., = 2860 vg/ph
¢) Tinh momen xoan truc.

Tae= 9,55 . 106, 29 — 955,109 . '6 — 3673 N.mm

Ndc
6 1048

T.=955.108. 2 = 955.10

ne

= 7862 N.mm
Truc dong co :

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
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Nmin ¢c =2860 (vg/ph).
Nac =1,099 (kW).
Truc cit;
Nmax ¢ = 934 (vg/ph).
Nmin ¢ = 934 (vg/ph).
Nc= 1,048 (kW).
2.4  Phan tich phwong 4n truyén dong.

Hinh 2. 8 B¢ truyén dai.

Bo truyén dai:

+ B0 truyén dai c6 thé lam viéc v6i cong suat 1én dén 1500 Kw ( thuong dung
trong khoang 0,3 + 500 kW).

+ Tisd truyén cua dai det thuong khong qua 5, ddi véi bo truyén c6 banh cing

thi i c6 thé dén 10, ddi v6i bo truyén dai hinh thang i ¢6 thé khong qua 10.

Hinh 2. 9 B¢ truyén xich.

Bo truyén xich:
+ Truyén cong suit va chuyén dong giita truc c¢6 khoang cach xa, cho nhiéu
truc ddng thoi trong treong hop n < 500v/p.
+ Cong suit truyén théng thuong < 100 kW.
+ Ti sb truyén < 6, hiéu suat 0,95 ... 0,97.
Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
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Hinh 2. 10 B§ truyén truc vit — banh vit.

B truyén truc vit — banh vit:

e - ————————————

AN

Hinh 2. 12 Truc vit lom.

+ B0 truyén thuong dung truyén tai trong nhé dén trung binh. Tai trong 16n
nhat nén dang khong qua 60 Kw.
+ B0 truyén co thé 1am viéc voi van téc nho va trung binh, khong nén cho bd

truyén lam viéc véi van toc 1on.

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
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+ Ty sb truyén thuong dung tir 10 dén 60. Ty s truyén tdi da cho mot bd
truyén thong dung khéng nén qua 100.
+ Hiéu suit trung binh trong khoang 0,7 (khi Z1= 1) dén 0,92 (khi Z1 = 4).
= Két luan: T dong co truyén dong dén truc cit ta sir dung bd truyén dai dé dé
phong hién tuong qua tai.
2.5 Tinh bén chi tiét .
2.5.1 Thiét ké bé truyén dai
S6 liéu ban dau:
- Cong suat truyén: N = Ngc .Ila = 1,2.0,94 = 1,128 (kW)
- Tisotruyén: ig = ni/ na = 1/2
Ta chon loai dai B. Tacé ag =14, h=10,5,a=17, ho = 4,1, F=38mm 2.

Hinh 2. 13 Théng sé dai thang B.

#) Dinh duong kinh banh dai
+ Chon duong kinh banh dai dan D= 60 mm
+ Kiém nghiém vén tdc dai:
V4 =1m.D1.11 160.1000 < Vimax
vq = 1.60.4000 /60.1000 = 12,5 (m/s) < vmax = (30 + 35) (m/s)
= Thoa man dicu kién.
+ Puong kinh banh bi dan: D, = i.D1 = 2.60 = 120(mm).
b) So b chon khoang cach truc A.
Dua vao bang 4-14, trang 94, [1], véi ty s6 truyén i = 2
Khodang céach truc so bo:
0,5(di+d2)+h<a <2(di+dy)
100,5 < a <360
a=170 (mm).
) Dinh chinh xéc chiéu dai L va khoang cach truc A
- Xac dinh chinh xac chiéu dai L:
Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
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_ 2
L=2a+2 (Do +Dy)+ 220

4a
_ 2
=2 170+ 1(120+ 60) + (120- 60) — 628
4.170

Chon Lo = 635 (mm) = 25 inches. Chon day dai B25.
- Khoang cach chinh x4c truc a:

a= 2L— T[(d2+d1)+\/ [ZL— ﬂ(d2+d1)]2—8 (dz—dl)z
8

4= 2. 635— m(120+60)+/ [2. 635;— m(120+60)]2— 8. (120—60)2 — 1735 (mm).
d) Tinh goc om.
Banh dai dan:

o = 180° — =% 57° = 1800 — 120 57° = 160°
a 173,5
Banh dai bj dan:
a2 = 180° + -4 570 = 180°+ 12229 570 = p00°
a 73,5
Nhan thay a1 = 160° > 120° = thoa mén diéu kién goc om.
e) Xac dinh s6 dai can thiét
- Ta c6 cong thirc:
AN

Trong do:

F = 138 (mm?) — dién tich tiét dién dai.

v = 12,5 (m/s) — van téc dai.

[0,]0= 1,51 N/mm? - tmg suat c6 ich cho phép.

N = 1,1 KW - Cong suit truyén.

C: = 0,8 (Bang 5-6, trang 90, [8]).

C. =0,95 (Bang 5-18,trang 95, [8])

Cv =1 (Bang 5-19, trang 95, [8])

7> ol 2 =058 — ChonZ =1

~12,5.151.08.091. 1. 138
f) Pinh cac kich thudc cht yéu ctia banh dai
- DPudng kinh ngoai:
Di=d; +2 ho, =60+ 2.3,5= 67 (mm)
D2=d, +2h, =120 + 2.3,5 = 127 (mm)
g} Tinh lyc cing ban dau va lyc tac dung lén truc

- Luec cang ban dau:
Fo= 780 P Ka, 780. 1,2. 1,25

E, = +27,8==126,32 N

v. Cq. Z v 12,5.0,95. 1

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
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Fv=Qm.Vv?= 0.178.125%= 27,8 N
Trong do:
Fo : luc cin ban dau.
Fv : luc cang do lyc li tam.
K,;: hé sb tai trong dong , K; = 1,25
Om : Khéi lwvong mot mét chiéu dai dai , qm=0.178
Luc tac dung 1én truc ( khi van tde khong 16n v <20 m/s) co thé tinh theo cong
thirc:
(=2 Fo.sin(3)=2.130,65. sin(176°) = 248,81 N
Trong do:
Fr : lyc tac dung 1én truc.
2.5.2 Thiét ké truc cdt va é lin
a) Thiét ké truc cat
Vit lidu thiét ké truc:
+ Chon vat liéu ché tao truc 1a thép C45.
+ Thép C45 6,=600MPa, ing suat xoan cho phép.
b) Thiét ké so by dudng kinh truc.

3| Tk
O = \’ 0,2.[T]

Bang 2. 2 So bo duwong kinh cua truc.

Truc I

Momen xoan T(N.mm) 7862

Ung suat [t] (Mpa) 25
dsp (mm) 9,65
Chon dsp (Mm) 12

¢) Chiéu rong 6 lan:
Xac dinh chiéu rong 6 lan theo SFK catalogue, chon b; = 9 (mm)
d} Phac thao kich thudce:
li1 = lpis + by + 2k, = 625 (mm)
L1z b, 45 9
li; :T+k3+hn+?:7+ 10+15+§: 39.5 (mm)

Ly = 22+ ky +2 = 3125 (mm)

Voi:
Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
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Sinh vién thyc hién: Nguyén Khoa Phuong

k, = 8 + 15; chon k,; = 8: Khoang cach giita cac chi tiét quay.

k, = 5 + 15; chon k, = 8: Khoang cach tir mit mut 6 téi thanh trong cua

hop.

ks = 10 = 20; chon k; = 10: Khoang cach tir mit mat cta chi tiét quay

té1 nap 0

h, = 15 + 20; chon h,, = 15: Chiéu cao nip 6 va dau bulong

lni, = (1,2 + 1,5)d; = 45 (mm): Chiéu rong khép ndi

13 = Lq = 600 (mm): chiéu dai dao cét

Hinh 2. 14 Kich thuéc bé phan cit

g) Xac dinh luc tac dung lén truc

el

F
=10
F:,.'11

yi2 Fia

Hinh 2. 15 So dé luc tdc dung.

Luc vong:

I:’[1:2._'1}: 2.7862: 262 N
de 60

Lyc hudng tam:
Fri :0,25 .Fu= 65,5 N
Frpz = ﬁcql.cbm.m1 =1.1.1.262=262N
13

Luc bo truyén dai: Fr =Fy1o= 248,81N
Tinh phan lyc tai 2 6 lan.
% Xét mat Oy

Nguyén Thanh Phiic

hy11

FI.'l.‘l 1

Giang vién hudng din: TS. V5 Tran Anh
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DY = ~Fyu # Fiyag + Fys + Fiyny = 0
= —248,81 + Fyy0 — 91,5 + 15,16 = 0

Z My10 = Fyaz-liz + Fyy3.liz + Fiy11.141 =0
=367,62.52 — 91,5. 312,5 + Fiy11.625 = 0
Fiy11 = 15,16 N.
Fiy1o = —325,15N
+ Xét mat Ox

> X = Fuso + Fers + Frony = 0

2 My1o = Fx13- liz + Fyq1.l11 =0

= 262.3125+ Fyy.625 =0
Fippy =-13LN
Fio =-131 N

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
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Hinh 2. 16 M6 phong biéu dd momen cia truc cit
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* Momen tuong duong tai cac vi tri:
- Theo cong thuc 10.15, 10.16/194 [1], ta c6:

M,, = \/M,% + M2 +0,75.T?

Bang 2. 3 Momen twong dwong tai cdc vi tri.

M,a1z 6808,7
[y 20277.65
Mya1s 41772,11
Mtdll O

- Theo cong thuc 10.17/194 [1] ta co:

3| Mgy
0,10

e Chon o =50 Mpa
Bang 2. 4 Duong kinh truc tai cac tiet dién.

dis 11,08
dio 15,9
dy 20,29
dys 0

= Chon lai duong kinh truc tai cac tiét dién theo tiéu chuan (T.195/[1])
di2 = 18mm; dip = 20mm; diz = 25mm; di1; = 20mm;

f) Kiém nghiém do bén mai.

- Véi thép C45 c6 6p=600MPa ; 6.1= 0,4360,=261,6 ;

- 11=0,58.6.1=151,728 , tra bang 10.7/197 [1] ta co6:

Truc cta ludi cat quay, ing suat udn thay ddi theo chu ky d6i xtrng, do dé tinh
theo cong thirc 10.22/196 [1]. Vi truc quay 1 chiéu nén ung suit xoan thay doi
theo chu ky mach dong, do d6 tinh theo cong thirc 10.23/196 [1].

Vi truc quay nén tng sut udn thay do6i theo chu ky déi xtng, do dé:
0z =M
GmJ—O y Oaj— Gajmax—Wj
Khi tryc quay 1 chiéu ting sut xoan thay doi theo chu ky ddi ximg do do:
T
2Woj

Tmj=Taj = Tajmax/z =

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
Nguyén Thanh Phiic 27



Bdng 2. 5 Tiét dién nguy hiém:

Truc Vi tri
12 13

Bdng 2. 6 Hé sé kich thudc ké dén giGi han moi

Truc Oqj Ty
12 3 1.85
13 10.65 0.73

- Diéu kién thoa do bén moi la:

So‘jxs‘tj

——— 2 [s]
Saj2+5‘1:j2

- Xac dinh cac hé s6 K4 jVa Ky dbi v6i cac tiét dién nguy hiém: cong thirc
10.25, 10.26[1]:

Sj=

- [s]: hé s6 an toan cho phép

K K
—Z+K, -1 L +K, -1
Eg . — &t

Kadj = T y Brdj T
Trong do:
K, =1, trabang 10.8/197 [1] v61 Ra=2,5 ... 0,63
K, = 1,76 ; K, = 1,56 trabang 10.12/199 [7]
€, = 0.92 tra bang 10.10/198 [7]

- Pé dam bao duoc do bén mai thi can phai tién hanh kiém nghiém hé s6 an
toan tai cac tiét dién nguy hiém. Hé s6 an toan chi xét riéng g suat phép,
hé s6 an toan chi xét riéng tng suét tiép va hé sd an toan d6 bén moi duogc
trinh bay trong bang 3.4.

- Sgj-hé sd an toan chi xét riéng tng suat phap

0-1

SO'j =

KO'dj . Jaj + lon_ . ij
- Sg-hé sO an toan chi xét riéng g suat tiép
11

S‘L’j =

K‘L’dj' Taj + qu. ij
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Badng 2. 7 Bang hé s6 an toan tai cdc thiét dién nguy hiém:

Tiét dién S Szj S
12 2,6 7,41 2,45
13 3,5 9,31 3,27

= Viay két clu truc vira thiét ké dam bao duoc do bén moi néu hé sb an
toan tai cac tiét dién nguy hiém.
) Chon va kiém nghiém then

Dicu kién bén dap va dicu kién bén thap.

Then phai chon théa mén diéu kién cat va dap theo cong thiic 9.1, trang
173[1] va 9.2, trang 173[1]:
2T
%= qth— g = o

2T <
dltb — [TC]

- Khi o,va 7 .khong thoai méan diéu kién trén thi ra tang chiéu day mayo L, :
néu khong dugc co thé st dung 2 then dit cach nhau 180°, khi d6 mdi then
c6 thé tiép nhan 0.7T

- 04VaT,: Gmg suat dap va ung suit tinh toan

Bdng 2. 8 Théng s6 then.

Tiét
dién
12 20 25 6x6 |35 | 7862 |12.57 | 5.24
h) Thiét ké 0 lan.
Tryc cat: n = 934 vg/ph
Puong kinh 6 lan d=20 mm

Chon 6 bi d5 1 ddy ¢& trung 304 c6 d =20 mm, D=52 mm
Kha nang tai dong C = 12,5 kn
Kha nang tai tinh Co=7,94 kn

Hoat dong 6n dinh 20000 h

Kiém nghiém kha ning tai ctia 6 :

+ Fiy11=15,16N

+  Fixue=-131N

+  Fix0=15,16N

+  Fiy10=- 443,96 N

d I bxh t1 T 04 T,
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Téi trong huéng tam 1én 6 (N). Fy = \/FZ + F2 v6i Fy, Fy 1a luc huéng tam
tac dung 1én 6 theo phwong x va y. Thay vao tinh duoc:
Foq =+/15.162 + 1312 = 131(N);
F.io = V218.52 + 188.62 = 288.6 (N);

- Tai trong quy udc:
Q11 = (XVF, + YF,)KK4
=1.1.1.18.131=2358N
Q10 = (XVF, + YF,)KKq4
=1.1.1.1,8.288,6=519,48 N
ki - hé s ké dén anh hudng cia nhiét do, chon k=1
Kd - hé s6 ké dén anh huong cta nhiét 4o, ka =1.8 chon theo ki trong bang
11.3[1] - ke =1
- Kha nang tai dong:
Ca11=Q11"VL=0,235 .3/1120,8= 2.5 KN < 12,5 KN
Ca10=Q10'VL=0,519 .3/1120,8= 5.39KN < 12,5 KN
- Obi:m=3;
L

_ 60.n.L _ 60. 934.20000
106 106

- Kha nang tai tinh: C, = Q. VL
Qo11=Xo . Fr11=0,6.131=78,6 N
Qo10=Xo . Fr10=0,6 . 288,6=173,16 N
Co11 = Qo11. VL =0,786.3/1120,8 =0.8 KN
Coto = Qo1o. VL =0,173.3/1120,8 = 1,8 KN
- V6i hé s6 tai trong hudng tim X0=0,6

= 1120,8 triéu vong

Thay dugc, Cy; < C, Cpo; < Co => Thda mian diéu kién tai dong, tai tinh.
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2.6 M0 phéng két cau

55

!

o
-

i

Hinh 2. 18 Hinh dang ludi cdt phién ban A va B.
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Chwong 3 Tinh toan dong hoc xe

3.1  Gié6i thiéu va co sé ly thuyét
3.1.1 Gidi thigu chung vé déng hec xe banh xich

DPong hoc 1 nganh khoa hoc nghién ctru chuyén dong cuia vat thé ma khong xét

dén nguyén nhan gay ra chuyén dong d6 (luc va md-men). Trong thiét ké co khi, tinh

todn dong hoc tap trung vao viéc xac dinh:

Téc d6 chuyén dong: Lién quan dén van tdc tuyén tinh va goc cia cac bd
phan chuyén dong.

Gia tbc tuyén tinh va goc: Danh gia sy thay doi van tée theo thoi gian.
Quan hé giita cac thanh phan trong hé thong truyén dong: Nhu banh ring,
banh xich, puli, v.v.

Déi véi xe banh xich diéu khién tir xa, tinh todn dong hoc giup:

Pam bao hé thong truyén dong hoat dong dong bo va hiéu qua.

Xéc dinh cac thong sé chuyén dong nhu van tdc, gia téc, quy dao di chuyén.
Du doan hanh vi ctia xe trén céc loai dia hinh va trong céc diéu kién thoi tiét
khac nhau.

3.1.2 Ung dung va thong sé thiét ké so b ciia xe cdt cé diéu khién tir xa

Thong s6 xe yéu cau:

Chiéu dai toan bo xe (L): 1.2 m

Chiéu rong xe (B): 0.7 m

Chiéu cao xe (H): 0.4 m

Tong khdi lugng (W): 70 kg

Vin téc toi da thiét ké (Vamay): 8 km/h = 2.22 m/s
Chiéu rong banh xich: (b): 0.2 (m)

¢ Cac yeu to dong hoc chinh can nghién ctru:

Luc kéo (Traction Force)
M6-men xoin (Torque)
Cong suit can thiét (Power)

Kha ning di chuyén trén cac loai dia hinh khac nhau (Terramechanics)

3.1.3 So dé déng hec xe
a) So dd dong xe chuyén ré, quay dau.
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. va= v, 4{8/2)b
/ -

E Vi= v.-(8/2)0

Oor

Hinh 3. 1 So do déng xe chuyén ré, quay dau.
b} So dd dong xe di thing

Hinh 3. 2 So' d6 dong xe di thang.
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CoG

G/2

Ty

Hinh 3. 4 So' d6 dong bé truyén xich cao su

¢) So dd dong hoc xe di chuyén 1én déc.
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Hinh 3. 5 So' d6 dong xe lén déc.

3.2 DPong hoc xe banh xich
3.2.1 Nguyén ly hoat dong va cdc dai lwong co ban
a) Van tdc di chuyén
Vian téc di chuyén cua xe lién quan truc tiép dén van toc goc cta banh dan dong:
V=r.w
Trong do:
Vv: Van toc dai tuyén tinh cia xe (m/s)
r: Ban kinh ctia banh dan dong (m)
o: Vén tdc gdc cta banh chii dong (rad/s)
(Tai liéu tham khao: ENAE 788X - Planetary Surface Robotics, University of
Maryland, trang 9 [20])
b} Heé sb trugt (Slip ratio)
Trén nén dit yéu (cat, bun), hé sb truot cao, yéu cau ting mo-men xodn va giam

toc do.
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Trén nén dét cimg, luc kéo t6i da dat nhanh hon, nhung lyc ly tim va nguy co 14t

tang khi quay vong.
Pac trung bdi su sai 1éch gitra tdc d6 banh va van toc xe:
v
s=1———
r.w

s: Hé sb truot, tir 0 (khong truot) dén 1 (truot hoan toan) (Tai liéu tham
khao: ENAE 788X - Planetary Surface Robotics, trang 9 [20])
3.2.2 Dién tich tiép xtc va ap sudt phan bé
a) Dién tich tiép xuc:
Dién tich tiép xuc giira xich va mat dit duoc tinh tir chiéu dai tiép xuc xich (1) va
chiéu rong xich (B):

A=1Lb
Gia thiét:
[ =0.6(m)
b = 0.15 (m)
Vay:

A=1B =0.6x0.15 = 0.09 (m?)
(Tai li¢u tham khao: ENAE 788X, trang 7 [20])
b) Ap suat phan bé:
Ap suat phan b6 luc trong lugng xe 1én mit dat:
W.g
P==a
Trong do:
P: Ap suit (N/m?)
W: Khéi luong xe (kg)
g: Gia tbc trong trudong (9.81 m/s?)
Tinh toan:
70 * 9.81 5
=009 - 7630 (N/m*)
3.3 Luwc kéo (tractive effort)
3.3.1 Cong thic tong quat
Luc kéo (Tractive Effort): Lyc can thiét dé vuot qua luc can lan va duy tri chuyén
dong thang.

M6-men xoin (Torque): Md-men can thiét tai banh dan dong dé tao luc kéo.
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Fpax = A.co + W. g.tan(9)
Trong do:
Hinax: Lurc kéo t6i da ma xe c6 thé sinh ra (N)
A: Dién tich tiép xtic (m?)
co: PO bam dinh ctia nén dat (Pa hodc N/m?)
©: Goc ma sat trong ctia dat (do)
co: Hé sb can lan
W: Trong luong cua xe (N)
g: Gia tdc trong trudng (9,81 m/s?)
(Tai liéu tham khao: ENAE 788X, trang 8[20])
3.3.2 Trwong hep cu thé theo tirng dja hinh
a) Dia hinh cat kho
Nén cat: Ma sét thép, dé truot, yéu cau dién tich tiép xuc 16n va luc kéo cao.
¢ = 30°, tan(30°) = 0.577
co=0 (Pa)
Tinh toan:
F =0.09%0+70*9.81 * tan(30°) = 396 (N)
M6-men xo4dn yéu cau:
T = Hpg-7 = 396 * 0.09 = 35.6 (N.m)
(Tai liéu tham khdo: Fundamentals of Machine Component Design, trang
121[21])
b) Dia hinh bun
Nén bun: P bam dinh cao nhung c6 nguy co lin, can kiém soat ap suat tiép xtc.
¢ =15° tan(15°) = 0.268
co =50 kPa = 50,000 N/m?
Tinh toan:
Epax = 0.09 x50 + 70 * 9.81 * tan(15°) = 190 (N)
M6-men xo0dn yéu cau:
T =F,u-r =190 % 0.05 =95 (N.m)
(Tai liéu tham khao: Fundamentals of Machine Component Design, trang 121
[21]) ‘ ,
) Nén bé tong hoac dat cung
Dit cimg hoidc bé tong: Ma sat tot nhung d& gay mon, doi hoi vat liéu banh xich
chiu mai mon cao.
¢ =10°, tan(10°) = 0.176
co = 100,000 N/m?
Tinh toan:
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FEpax = 0.09 * 100 + 70 * 9.81.tan(10°) = 130 (N)
M6-men xo04n yéu cau:
T =E,4.r =130 % 0.05 = 6.5 (N.m)
(Ta1 liéu tham khao: Fundamentals of Machine Component Design, trang 121
[21])
3.4 Phan tich chuyén déng khi leo déc
3.4.1 Luc can do trong luc
F, = W.g.sin(®)
Véi 6 = 35°, Ta co:
F, =70.9,81. sin(35°) = 394 (N)
(Tai liéu tham khao: Shigley’s Mechanical Engineering Design, trang 540 [28])
3.4.2 M6-men xodn yéu cau
T =F,.r =394+ 0.05=19.7 (N.m)
3.5  Phan tich chuyén déng khi quay vong
3.5.1 Giatéc va luc ly tam.
Ban kinh quay R=1.5 (m)
Vin tdc quay vong:

Vmax 417 rad
= =——=2.78 (—
@ R 1.5 ( S )

3.5.2 Giatéc hwéng tam:
m
a. = w* R =278%%x15=11.6 (5—2)

o Luc ly tdm:
F.=W.a, =70%11.6 = 812 (N)
« M®6-men xodn yéu cau dé chdng lai luc ly tam:
T =F.r=812+%0.05=40.6 (N.m)
3.6 Cong suat déng co can thiét
3.6.1 Cong thirc tong quét
P = FEux Vmax = 396.5 ¥ 4.17 = 1.66 (kW)
3.6.2 CONg sudt yéu cau theo tirng dia hinh
« Catkho:
P = Fpur Vimax = 396.5 * 4.17 = 1.66 (kW)
« Bun mém:
P = Epax- Vmax = 190 x 4.17 = 0.7923 (kW)
« Nén bé tong:
P =Epp Vmax = 133 % 4.17 = 0.557 (kW)
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Chwong 4 Thiét ké hé thong truyén ddng xe cit vé banh xich diéu
khién tir xa

4.1  Thong sé k¥ thuat caa xe:
Bang 4. 1 Théng s6 kj thudt ciia xe.

Luc kéo toi da F, N 245

Van tdc toi da ctia banh xich v, m/s 2
Duong banh dan D, mm 180

Tho1t gian phuc vu L, nam )
S6 ngay 1am/nim Kag, NQAy 250

S6 ca lam trong ngay, ca 1
Trong lugng xe W, kG 70

-So dd dong h¢ truyén dong cua xe.

]
t*:::::pﬂ:::::::ca::z:::%

A A AT A

Hinh 4. 1 So db hé truyén dong cua xe.
- CAu tao bd truyén.
1. Pai cao su
2. Banh dan dong
3. Banh dan huéng
4. Banh do tai
5.0 lan
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Hinh 4. 2 So do banh xich.

4.2  Tinh toan théng sé b truyén:
4.2.1 Taitrong than xe.
Luc tac dung tur tai trong than xe dugc chia déu sang 2 b truyén banh xich 2 bén
xe. Nhur vay, mdi bén banh xich phai chiu tai trong: Tai trong ctia xe Py, (N):
p _Wxg 70x9.81
xe — 2 - 2
Tai trong phan bo trén 4 banh do tai banh xich dugc phan bo theo thiét ké nhu

= 343 (N)

sau (Thu tu tinh tir phia trudce than xe):
- Banh tai 1 va banh tai 4:
Pyi1 = Ppey = 0.25P,, = 0.25 X 343 = 85.75 (N)
- Bénh tai 2 va banh tai 3:
Pyiy = Ppys = 0.25P,, = 0.25 x 343 = 85.75 (N)
4.2.2 Luc kéo t6i da F,,,, (N):
Luc kéo tbi da F,, 4, can thiét dé xe co6 thé leo doc véi goc nghiéng cua dbc so voi
bé mit phang: @ = 35°
Fpax = W X g X sin(@) = 70 x 9.81 x sin(35°) = 394 (N)

= Luc kéo t6i da tac dung 1én mdi bén: F,, = F";ax = % =197 (N)

4.2.3 Momen xodn téi da T pq, (N.1).
Momen xoan tdi da ma banh din dong tac dong 1én banh xich trong truong hop
xe lén déc:
Trar = Fnax-T
Trong do:
Tynax - Momen xodn t6i da tac dung 1én banh xich
Fpax = 197 (N) : Luc kéo tdi da dé xe 1én doc c6 goc nghiéng @ = 35°
r = 194 (mm) = 0.097 (m) : Ban kinh banh dan dong.
=> Thax = 197 X 0.097 = 19.2 (N.m)
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4.2.4 Thong sé kj thugt ciia bé truyen.
Bdng 4. 2 Théng s6 kj thudt ciia bé truyén.

Chiéu rong banh xich by, mm 180
Do dai budc cia banh xich py,, MM 60
S ring trén mdi banh z,;.,, rang 37

a) Chu vi banh xich cao su:
Chu vi cua banh xich cao su dugc tinh theo cong thirc sau:
Cxich = Pxich X Zyicn = 60 X 37 = 2220 (mm) = 2.22 (m)

b} Van toc quay toi da.
Van tdc tbi da duoc tinh theo cong thirc sau:

Vmax = 2M/s
¢) SO vong quay tbi da.
S6 vong quay toi da ciia banh xich:

_ VUmax 2 vong vong

_— — T e— . 4
Mmax =0 =527~ 99y < M ohae

d) Cong suat t6i da.
Cong suét cta banh xich dugc tinh theo cong thirc sau:
Froax-Vmax 197 X 2
Py = = = 0.39 (kW
xich max 1000 1000 ( )
Tir cong suat tdi da ciia banh xich, tinh dugc cong suat ciia banh din dong nhu

Sau.

Pxich max — 0.39
Mbanhxich XNt~ 0:96%0.99

e) Xac dinh thong s6 ctia banh din dong.

Pyinh ain dong = = 0.41 (kW)

Pudng kinh so bo ciia banh dan dong Dyq = 150 (mm):
Pxich

Dyg = —
sin(———
Zpsnh din dong
Trong do:
Pxich (Mm) : Budc xich (mm), pyep, = 60 (mm)
Zpann ain dong (rdng): SO rdng cua banh dan dong:

Zpanh dan dong — 10 (rang)
DPuong kinh banh dan dong:

0.06
Ddd = AN = 194 (mm)

sin(ﬁ)
S6 vong quay cua banh dan dong:
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_ Zxich
Npanh dan dong — Mmax X

=54 x 32 =199.8~200 (29
10 phut

Zpanh dan dong
4.3 Tinh toan thiét ké hap giam téc.
4.3.1 Chon djng co dién
a) Chon hi€u suét cua hé théng
Hiéu suit truyén dong:
N = My X Negn X Mgy X Negy
Trong do:
Ny, = 0.99: higu suat khép ndi
Neon = 0-97 : higu suat bo truyén banh ring con
Ny = 0.99 :hi¢u suat truyén dong cua 1 cip 0 lin
Ny = 0.98 - hicu suét bo truyén banh rang try
n =0.99 x 0.97 x0.99%x 098 = 0.9
b) Cong suat dong co dién can thiét
Cong suat dong co can thiét cia hé truyén dong:

Ppanh din don 0.41
Pociy = = 0 = 000 = 0.4 (kW) (1)

) Momen xoan dong co can thiét
Momen xoan dong co can thiét dé truyén dong:

1

Tax XU 192X 73

dc v M 0.92 75 ( m)( )

d} Xac dinh s6 vong quay so bd

S6 vong quay can thiét:
Npanh din dong
u

Naciw =
Ty s6 truyén chung ctia hé:
u= i, ty s6 truyén hop giam tdc, chon theo tiéu chuan.
Chon ty sb truyén cua hop giam téc nhu sau:
- Cép nhanh str dung b truyén banh ring con: u; = %

A A 5 A A , < 1
- Cap cham st dung b truyén banh rang tru: u, = "

Sb vong quay so bo cua dong co:
Ngery = —1 = 2400 (vong/pht) (3)

12
Tir (1), (2) va (3) ta chon dugc dong co c¢6 thong sd nhu sau:
Bang 4. 3 Théng s6 déng co.
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Cong sudt | Van téc quay .
(KW) (vongiphaty | 170 | Taemax
0.6 2600 88 2,2
Ty s6 truyén thyc té:
n, 100 1
tt T . 2600 13
4.4 Lap bang dac tinh
4.4.1 Tinh toan cong sudt trén truc
P 0.41
P = == g = 0415 kW
P, = ntr:jnol = = 0.427 KW
P, 0.427
B = g - 097 %099 _ OA4KW
Py = :—11 = % = 0.44 kW < 0.6 KW ( théa min didu kién)

4.4.2 Tinh sé vong quay Cac truc
n; = ng. = 2400 vong/phut

1
n, =n; Xu; = 2400 X 3= 800 vong/phut

1
n; =n, Xu, =800 X 1= 200 vong/phut

4.4.3 Tinh momen xodn trén céc truc

P, 0.44
T, = 9.55 x 10® x — = 9.55 X 10° X

= 1730(N.
n, 2400 (N. mm)

P,
T, = 9.55 x 10° X —== 9.55 x 10° x
2

P3
T; = 9.55 x 10° X —= 9.55 x 10° x
3

7—5098(N )
800~ .mm

5
= 1981 .
200 9816 (N.mm)

P 0.44
Ty = 9,55 X 106 x -2 = 9,55 x 106 x

— = 1750 (N.
Nge 2400 (N.mm)

P, 0.39
T = 9,55 X 106 x M4 — g 55 % 106 x —, = 68972 (N.mm)

nmax

4.4.4 Bdang phan phai ty sé truyén
Bang 4. 4 Bang phdn phoi ty sé truyén.
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Pong co | T 11 Banh xich
P (KW) 0.445 0.44 0.427 0.415 0.39
n (vg/ph) 2400 2400 800 200 54
u 1 3 4 3.7
T (N.mm) 1750 1730 5980 19816 68972

45 Thiét ké bp truyén trong hdp giam téc
4.5.1 Tinh toan va thiét ké bé truyén bdnh ring con.

a) Thong s6 ban dau

Momen xo4n trén truc cta banh ring c6n cha déng T, = 1730 Nmm.

Ty s6 truyén u; = 3

s6 vong quay n; = 2400 vong/phit.

Cong suat dau vao: P, = 0.445 kW

b) Chon vat li¢u cho banh dan va banh bi dan.

Chon thép 45 dugc t6i1 cai thién. Theo bang 6.1 ddi véi banh dan, ta chon do ran
trung binh la HB1=285, ddi voi banh bi dan ta chon d6 rin trung binh HB>=275, vat li¢u
nay c6 kha ning chay ra tét.

S6 chu ky 1am viéc co so:

NHo1=30HB?4=30x28524=2.34x10" chu ky
NHo2=30HB>?4=30%27524=2.14.10 chu ky
Nro1=Nro2= 5% 108 chu ky
Theo bang 6.2, gidi han moi tiép xtc va udn cac banh riang xac dinh nhu sau
OoH lim = 2HB+70, suy ra
OH lim1 =2X%285+70=640Mpa
Va 6oH 1im 2 =2%250+70=620Mpa
oor Iim=1.8HB, suy ra
oor lim1 =1.8%285=513Mpa
Va oor lim2 = 1.8X275=495Mpa
Ung suat tiép xuc cho phép so bd

Ooutim X 1
[oy] = %KHL
F
Khi t6i cdi thién Sy = 1.1 do do:
[o11] = 222 = 581.82 MPa
[o12] = 222 = 563.64 MPa

- Ung suit tiép xtic cho phép so bo:
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[or]so=min{[on1], [o12])=563.64 Mpa
oO0Flim
KrL
sF

- Ung suit udn cho phép: [oF]=
- Chon Sg = 1.75, ta co:
[or] = 2> X 1.1 = 322.46 Mpa

[or2]= 7= X 1.1 = 311.14 (Mpa)

¢) Thong sd co ban
Chon hé sb chiéu rong banh rang y,, = 0.285
Chon Kyg = 1.13; Kgg = 1.25 theo bang 6.21

Chiéu dai con ngoai (duong kinh chia ngoai ctia banh con chi dong)

R. =Kr Xyu2+1x
¢ R \/(1 — Ype) X Ppe X ufoy]?

; 1730 x 1.13
=50X+/32+1xX = 19.77
* J(1 —0.285).0.285 x 3 x 433.632 (mm)

d) Thong s6 an khop

Theo bang 6.22: chon z; = 17 (rang) => z'; = z;.u; = 17 X 3 = 51 (rang)

buong kinh trung binh: d,; = (1 —0,5yy,.) X dg; = (1 — 0.5 X 0.285) X
19.77 = 16.95 (mm)

Modun trung binh m,,,, = % = % = 0.99 (mm)
1

0.99
Modun: my, = —=2— = = 1.16 chonmg = 1
1-05ype  1-0.5x0.285

. . . 1
Tinh lai modun trung binh: m,, = - ?;?J = Tosxoze = 1.16
—VU. be —VuU. .

Tinh lai sb rang banh dan: z, = dm1 _ g =16.95 => chonz, = 17

Mtm
Tinh lai duong kinh trung binh: d,; = myy,.2; = 1 X 17 = 17 (mm);
Az = Mym-Z; = 1 X 51 =51 (mm)

Géc con chia: §; = tan 12 = 18.43°; §, = 90° — §, = 71.57°

Z2
Chiéu rong vanh banh rang: b = RoYp = 19.77 x 0.285 = 5.63 (mm)
Puong kinh vong chia: doq = my, Xz, = 1 X 17 = 17(mm)
dey =My, X 2, =1 X 51 =51 (mm)

Chiéu cao dau ring ngodi: hge; = Mye = 1; hgey = 2Myp — Moy = 1
Puong kinh dinh rang ngoai:
Age1 = dp1 + 2hgeq X c0s8; = 17 + 2 X 1 X cos(18.43°) = 18.9 (mm)
dger = doy + 2h gy X c0sd, =51 4+ 2 X 1 X cos(71.57°) = 51.63 (mm)
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g} Van toc vong banh rang:
_T[dmlnl _ TX19.77%X2400

60000 60000 = 2.48 (m/s)
f) Hé s tai trong dong
vybdg 2.21 X 5.63 x17
Ky =1+ 2T KupKna Lt o 1730 x 13 <1 10

Bang 6.13 [7] ta chon cép chinh x4c bo truyén 1a 8. 8y 1a tri s6 ké dén anh hudng
cta sai s6 an khop, theo bang 6.15 [7] v6i dang ring thing c6 vat dau ring thi 8y =
0,004. g, 12 hé s6 ké dén anh hudng cua sai 1éch bude ring, theo bang 6.16 [7] v6i cip

chinh xac muc lam viéc ém 1a 7 thi g, = 47. Suy ra:

dp(u+1) 17x(3+1)
Vg = Ougov — - 0.004 x 47 x 2.48 — = 2.21 (m/s)

Trong d6: Ky,=1
Suy ra: Ky = KyoKugKpy=1x%1.16x1.055=1.2

g} Tinh toan kiém nghiém gi4 tri ing suat tiép xuc:

2. T, K. VuZ + 1
Oy = ZH'ZM' €

0,85.b.d%.u

2%x1730 x1.2x,/(32+1)

0.85 x 5.63 x 172 x 3
Nhw vay: oy = 637 (Mpa) > [oy] = 497.9 (MPa) => Khong thda man diéu kién
Tang bé rong rang: b = 10 (mm) => oy = 478 (Mpa) < [oy] => Thoa man

oy = 147 X 274 X 0.89] = 637 (Mpa)

diéu kién.
Zy = 274 Mpa*? ( bang 6.5)
Zy = 1.47

7. = (4 —¢£,)/3 = 0.89

£q = [1.88 -3.2 % (1 + %) X cos(ﬁm)]

7y
—[188 32><(1+1)]—16
I ' 17 51/1

Theo bang 6.1[7]:
[o1] = [on]spzvZrKxy = 0.95 X 0.93 X 1 X 563.64 = 497.9 (MPa)
z, = 0.85v ®! = 0.85 x 2.48%! = 0.93
Trong do6:

zg 1 Hé sb xét dén d6 nham bé mat, v6i R, = 2,5 + 1,25 pm chon z, = 0,95
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Ky : Hé s6 xét dén anh hudng cua kich thude banh ring,
Véid, < 700 (mm) => K,y =1

Tinh lai chiéu rong vanh rang
2

on 478
b = PpeRe ()2 = 0,285 x 19.77 X ( ) — 5.19 (mm)

[04] 497.9
h) Kiém nghiém d¢ bén udn

Hé s6 dang rang YF:
Déi v6i banh dan: Yri= 3,85

Déi v6i banh bi dan: Yr= 3,6

Dic tinh so sanh d6 bén cac banh riang (d6 bén ubn):
[oF1] _ 322,46

Banh dan: =83,75
YF1 3,85
Béanh b din: (2F2l= 3114 _gg 497
Ygo 3,6

Ta ki€m tra do bén udn theo banh dan c6 do bén thap hon
Ung suat uon tinh toan theo cong thirc:
_ 2TKpYeYpYR: _ 2x1730X1.6X1x3.85

OF17 85d 01 bomem 085x17x5.19x1 284.2 (MPa) < 322.46 (Mpa)
Kr = KppKpoKpy = 125 X 141 = 1 X 6
vebd, 8.87 x 5.19 x 17
Key =1+ 2TKpeKpe T x1730x 125 x1 18

dy,(u+1) 17x 3+ 1)
Vg = Opgov — - 0.016 x 47 x 2.48 — = 8.87 (m/s)

= Do d6, d6 bén udn duoc thoa.
4.5.2 Tinh toan va thiét ké bé truyén banh tru rang thang.
a) Thong s6 ban dau
Momen xodn trén truc cia banh dan T, = 5980 (N.mm)
Ty s6 truyén u, = 4
S6 vong quay n, = 800 (vong/phit)

= Cong suat dau vao P, = 0.427 (kW) )
b) Chon vat li¢u cho banh dan va banh bi dan.

Chon thép C45 duoc toi cai thién. Theo bang 6.1 [7] d6i véi banh dan, ta chon
d6 ran trung binh 1a HB1=285, dbi voi banh bi dan ta chon d6 ran trung binh HB,=275,
vat liéu nay c6 kha ning chay ra tt.

¢) Thong sb co ban bo truyén

Theo bang 6.6 [7] do banh ring nim khéng dbi xtmg & truc nén chon yea= 0.3

theo tiéu chuan, khi do:
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wbd:w = 0.75
Theo bang 6.7 [7], ta chon Knp=1,05; Kep=1,12
Hé s6 phu thudc vat lidu cip banh rang: K, = 43 (MPa)'/3
S6 chu ky 1am viéc co so:
NHo1=30HB1?4=30x285%4=2.34x107 (chu ky)
NHo2=30HB2%4=30x27524=2.14.10" (chu k)
Nro1=Nro2= 5x10° (chu kp)
Theo bang 6.2 [7], giéi han mai tiép xuc va udn cc banh ring xac dinh nhu sau
OoH lim = 2HB+70, suy ra
OH lim1 =2%285+70=640 (Mpa)
Va ooH lim2 =2%250+70=620 (Mpa)
oor lim=1.8HB, suy ra
oor lim1 =1.8%285=513 (Mpa)
Va oor im2 = 1.8X275=495 (Mpa)_
Ung suat tiép xuc cho phép so bo

[ou] = %%I:)(l KaL
khi to1 céi thién Sy = 1.1 do do:
[o11] = <=2 = 581.82 (Mpa)
[on2] = 222 = 563.64 (Mpa)
Ung suat tiép xuc cho phép s[on]ss=min{[on1], [on2])=563.64 (Mpa)
Ung suat ubn cho phép: [or]= S0P KeL

sF
Chon Sg = 1.75, ta c0:

[or1] = 2= X 1.1 = 322.46 (Mpa)

[or2]= 22 x 1.1 = 311.14 (Mpa)

Khoang cach truc bo truyén banh rang:

= Ka(up £1) LELCT TP 4x1) e
dw = Ballz T Ypaloul?u, - 0.3 X 572.732 x 4

32.47 < a,, < 54.12 (mm)

Theo tiéu chuan ta chon: a,, = 50 (mm)

Modun rang m (mm):
m = (0.01 +0.02)a,, = 0.5+ 1 (mm)
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Theo tiéu chuan chon modun phap m, = 1.25 (mm)
d} Thong s an khép
Tir diéu kién 20° > B > 8°
Suy ra:
2 Xa, 2 x50
Tmxw+1) 125x(4+1)

Tachon z; = 21 (rdng) , suy ra sd rang banh bj dan: z, = z, X u, = 84 (ring)

s A A . A = Z 84
Ti sO truyén sau khi chon s6 rang: u, = 2_2 == 4
1

VA = 16 (rang)

Tinh lai khoang cach truc:
m(z; +z,) 1.25x%x(21+ 84)
T T 2
Str dung rang khong dich chinh x; = x, =0

= 65.625 (mm)

Goc an khop:
_ZgXmX cos(a) B (21 +84) x 1.25 x cos(20°) B
cos(Qw) = 2a,, - 2 % 65.625 = 0939
=> o, = 20°

Puong kinh vong chia:
d; = m Xz = 125X 21 = 26.25 (mm)
d, = m Xz, =1.25 x84 = 105 (mm)

Puong kinh vong dinh:
dy; = 2m+d, =2 X 1.25 4+ 26.25 = 28.75 (imm)
dy, = 2m+d; =2 X% 1.25+4+ 105 = 107.5 (mm)

e) Van téc vong banh ring:
_ mdyng X 26.25 % 800

V= 60000 60000
Theo bang 6.13 ta chon cip chinh xac 9, Vgp < 2 (m/s)

= 1.1 m/s

f) Hé sd tai trong dong theo P2.3 ta chon:
Kyv = 1,01; Kg, = 1,04

u) Heé s tai trong phan b6 khong déu giira cac banh ring, bang 6.14[7]:
Kyo = 1.01; Kg, = 1.05

h) Tinh toan kiém nghiém gia tri ing suat tiép xtic:

_ ZyZmZe [2TKy(u+l) _ 1.68x274X0.77 [2X5980x1.07X(4+1)
O = dw1 \/T N 26.25 \/ 19.68x4 = 384.96 (Mpa)
Zy = 274 (bang 6.5)

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
Nguyén Thanh Phiic 49



2 cos 2.cos(0°
Iy = ; 55) = - %) =1.76
sin(2ay,,) sin(2 x 20°)
1
Z. = |[—=0.77
8O(
1 1
Eq = [1.88 — 3.2 (— + —)] = 1.68
Zy, 17
Aoy = —_ 2625

b,, = ay,YPp, = 19.68 (mm)
Ky = KuvKuaKupg = 1.01 X 1.01 X 1.05 = 1.07
Theo bang 6.1 [7]:
[ou] = [oulsbzyzZrKyn
[og] =1 X% 1x0.95x%x572.73 = 544.1MPa > oy = 384.96 MPa
Z, = 1: Hé s6 anh huong van toc vong
zgp = 0,95 : Hé sb xét dén d6 nham bé mit
Kyy = 1 : Hé sb xét dén anh huong cta kich thuéc banh rang
Tinh lai chiéu rong vanh ring

2

OH ) > 9.85 (mm)

b > ( )2—03><65625><(38496
w = Whadw (72 7) =0 ' 544.1

= Chon b,, = 10 (mm)

i) Kiém nghiém do bén ubn

Péi v6i banh dan: Y, = 4.04

Déi v6i banh bi dan: Yp, = 3.61

Dic tinh so sanh d6 bén cac banh ring (d6 bén ubn):
[or] _ 58182

Banh dan: = 144
Ygq 4.04
Banh bj din; 12r2l — 3836% _ 456 1
Yps 3.61

Ta kiém tra d6 bén udn theo banh bj dan c6 do bén thap hon
Ung suat udn tinh toan theo cong thirc:
2TKpY:YpYp; 2 x 5980 x 1.138 X 0.59 X 1 X 4.04
OFL T g bym 26.25 x 10 x 1.25
Hé s tai trong khi tinh vé uén:
Kr = KpgKpaKpy = 1.065 X 1 x 1.069 = 1.138

Hg¢ s6 ké dén tai trong dong xuat hién trong vung an khop khi tinh vé uon:

= 19.77 (Mpa)
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vybyd,: . 335X 10X 2625

Kip=1+—"——=1+
Fv 2T, KppKpq 2 x 5980 x 1.065.1

= 1.069

a, 65.625
vp = 8pgov [~ = 0016 X 47 X 1.1 |—,— =335

Trong do:
8 = 0.016, Hé s6 ké dén sai s6 cua in khép (bang 6.15 [7])
go = 47, Hé sb ké dén sai léch bude ring (bang 6.16 [7])
a,, = 65.625 (mm), Khoang cach truc
u = 4, Ty sb truyén cta bo truyén banh ring tru

H¢ s6 ké dén sy trung khop cua rang: Y,

1 1
Y, = a =Ta7 = 0.59
Hé s ké dén do nghiéng cia ring: Yg=1
= Do do, dé bén udn dworc thoa.
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Badng 4.5 Théng s6 bé truyén banh tru rang thang.

. ) Banh rang tru rang
Thong so6 hinh hoc Banh rang con B
thang
Momen xoin (Nmm) 1730 5980
Ti s6 truyén 3 4
Sb vong quay(vg/ph) 2400 800
Khoang cach truc(mm) 65.625
Modun(mm) 1 1.25
) 21 17 21
SO rang
22 51 84
. L 6, = 18.43°;
Goc nghiéng rang 0°
6, = 71.57°
. ) . _ 18.9 26.25
Puong kinh vong chia(mm)
56.7 105
> 10
Chiéu rong vanh rang(mm) 10 10
Van toc vong(m/s) 2.48 1.1

4.6 Kiém tra bdi tron va ngim diu
Diéu kién boi tron ngdm dau trong hop giam tbc con — tru:
Banh ring con can dugc ngdm hét chiéu rong banh ring 16n h trong dau
Banh rang try ring nghiéng can ngdm hét chiéu cao riang hr va téi thiéu 1a 10mm.
Murc cao nhit ctia dau khong vuot qua %R banh rang 4.
Khoang cach giita mirc dau cao nhat va thap nhat: A,z — hpin = 10 + 15mm
Chiéu cao thap nhét banh ring con bi dan can phai ngdm trong dau 1a
hymin = 2.25m = 2.25x 1 =2.25<10mm

1 1
Huin =5 dgez = 10 = 5 X 51.63 — 10 = 15.8 (mm)

Hpox = Hpin +10 = 15.8 + 10 = 25.8 (mm)
47 Thiét ké truc
4.7.1 Thiét ké truc |
a) Thong sb ban dau:
Momen xoan: T; = 1730 Nmm
S6 vong quay: n, = 2400 (vong /phut)
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Chiéu rong vanh rang: b,, = 10 (mm)

b) Chon vat liéu:

Chon vat liéu la thép C45 thuong hoa.

Gi6i han bén: ¢, = 600 MPa

Gi61 han chay: o, = 340 MPa

Ung suét xodn cho phép: [t] = 15 + 30 MPa chon so bd [t;] = 25 (MPa)
) Chon so bd duong kinh:

Puong kinh tinh toan so bo:

L _clm _s[a7s0
1= (020~ (0225~ 702 (mm)

Chon d; = 10 (mm) theo tiéu chuan bang 10.2
d) Chiéu rong 6 lan:

Xéc dinh chiéu rong 6 lin theo SFK catalogue, chon b; = 9 (mm)
¢) Tinh toan phac thao kich thudc truc:
lll == (2,5 - 3)d1 == 25 - 30 ChOl’l lll == 25 (mm)

lle b1 20 9
L, =T+k3+hn+7=7+ 10+15+E=39.5 (mm)

liz =1l +ky + ky + 113 +0,5(by — by3c0s6;)
=254+8+8+ 124+ 0.5(9 —10c0s18.43°) = 52.75mm
Véi:
k, = 8 + 15; chon k, = 8: Khoang cach giita cac chi tiét quay
k, = 5 + 15; chon k, = 8: Khoang cach tir mit mut 6 t¢i thanh trong cua
hop
k; = 10 + 20; chon k; = 10: Khoang cach tir mit mat cia chi tiét quay
tGi nap 6
h, = 15 + 20; chon h,, = 15: Chiéu cao nip 6 va dau bulong
lmiz = 2d; = 20 (mm): Chiéu rong khép nbi
Lz = (1,2 +1,4)d; = 12 =+ 14; chon I3 = 12 (mm) : chidu dai
mayo banh rang con
Chon l;3 = 55 (mm)
f) Luc tac dung 1én truc
Luc tir banh rang con chu dong tdc dung lén truc:
- Luc vong:
2Ty  2x1730

F.. = =
" d, 18.9

= 183.06 (N) = F,,
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- Lyc huong tam:
F,, = F; tana cos §; = 183.06 X tan 20°cos 18.43° = 63.2 (N) = F,,

- Luc doc truc:
F,; = F;;tanasind; = 183.06 X tan 20°sin 18.43° = 21.06 (N) = F,,

- Luyec tir khép ndi tac dung 1én tryc:

+ Luc vong cua khép ndi tac dung 1én tryc:

B = 2T, _ 2x1730 77 ()
D, 45
Véi D, = 45 (mm): Puong kinh di qua cac chdt ctia khdp ndi truc vong dan hoi.

+  Luyc hudng tdm cta khép nbi tac dung 1én truc.
Frin1 = 0.25F; ;1 = 0.25 X 77 = (N)
¢) Xac dinh duong kinh truc:
Xét mit phang yOz:
Phuong trinh can bang momen xoan tai 6 lin B:
IMp =0 Rey X254+ Fy X 7775+ Mg, =0

Fr1X77.75—Mp

=0

N d, . 18.9
Véi MFal = Fal X T = 21.06 X T = 199.017 (N)

63.2X77.75—199.017
25

Phuong trinh can bang lyc doc truc theo phuong Y:
YY=—Rgy+Rey —F1 =0
= Rgy = Ry — F4 = 188.6 — 63.2 = 125.1 (N)
Xét mat phang xOz

= Rey =

= 188.6 (N)

Phuong trinh c4n bang momen xo4n tai 6 lan B:
ZMB = 0 g _Frknl X 395 - RCX X 25 + Ftl X 7775 = 0
_Frknl X 395 + Ftl X 7775 _

25

—222 % 39.5 + 183.06 X 77.75
- Reyx = = = 218.55 (N)

—)RCX=

Phuong trinh cén bang luc doc truc theo phurong X:
XX = —Fygn1 + Rpx + Rex —F1 =0
RBX = _Frknl + RCX - Ftl = 222 - 21855 + 18306 = _18651 (N)

Theo thuyét bén I: M4 = \/sz + My2 + 0.75M,2, ta tinh dugc:

M,q4 = /0.75 X 17302 = 1498.2 (Nmm)
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M,qc = +/8202.92 4+ 0.75 x 17302 = 8338.6 (Nmm)
M,4c = /9090.152 + 31352 + 0.75 X 17302 = 9731.6 (Nmm)

M,qp = +/5142.762 + 1778.82 + 0.75 x 17302 = 5644.2 (Nmm)
Puong kinh cac doan truc:

M 1498.2
d, = \/ WA — \/ = 6.19 (mm) - Chond, = 10 (mm)

0,1[0] 0,1.63

| Miap _ 283386 0o, (mm) - Chondy = 12
_ 10 o _
0.1[0] _ .| 0,1.63 mm on g (mm)

| Miac _ 297316 ) oo (mm) - Chond, = 12
= . - =
0.1[0] _ .| 0,1.63 mm on de (mm)

| Map _ 256442 o (mm) - Chond, = 12
_ . _
0.1[0] ./ 0,1.63 mm on @p (mm)
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Fa=183.06 (N)

F.=21.06 (N)
Fu=222 (N) R
W
N R. ® ¥ lm-632(N)
0 ’ Rev Rex

4 | |

63.2
'] [ ) oy

220 | 1778.8
y / Qx (N)
183.06 |
5142.76
|W 2 ﬂ?’w {N.mm)
8202.9 9090.15
| [ | |
1730
: ﬂ T (N.mm)

Hinh 4. 3 Biéu d6 momen truc I.

4.7.2 Thiét ké truc 1.
a) Thong sb ban dau:
Momen xoan: T; = 5980 Nmm
Sb vong quay: n, = 800 (vong/phit)
Chiéu rong vanh rang: b,, = 9 (mm)
b) Chon vat ligu:
Chon vat li¢u 1a thép C45 thuong hoa.
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Gi6i han bén: o, = 600MPa

Giéi han chay: o, = 340 MPa

Ung suat xoan cho phép: [t] = 15 + 30 MPa chon so bd [t;] = 25 (MPa)
) Chon so bo duong kinh:

Duong kinh tinh toan so bo:

Lo_clm _s|ses0 _
1= o2~ (0225 — 1061 (mm)

Chon d; = 12 (mm) theo tiéu chuin bang 10.2
d} Chiéu rong 6 lan:

Xéc dinh chiéu rong 6 lin theo SFK catalogue, chon b, = 10 (mm)
¢) Tinh toan phac thao kich thudc truc:

l b,~ cos o 15 8cos(71.57
lys = lpy + 222 4 22 2+k1=28.5+—+¥+8=45.26
2 2 2 2
Véi:

k, = 8 + 15; chon k, = 8: Khoang cach giita cac chi tiét quay
k, = 5 + 15; chon k, = 8: Khoang cach tir mit mut 6 téi thanh trong cua
hop
lmas = (1.2 + 1.5)d; = 14.4 + 18 (mm), chon l,,; = 15 (mm): Chiéu
rong mayo banh ring tru ring thang
lnoy = (1,2 +1,4)d; = 14.4 =+ 16.8; chon l,,,,, = 15 (mm) : chiéu dai
mayo banh rang con
Chon l;3 = 55 (mm)
f) Luc tac dung 1én truc
Luc tir banh rang con chu dong tac dung Ién truc:
Luc vong: F;, = 183.06 (N)
Luc hudng tdm: F,, = 63.2 (N)
Luc doc tryc: F,, = 21.06 (N)
Luyc tir banh ring try ring thang tac dung lén truc:
Luc vong:
2T, 2 %5980
d, 2625

Fs = = 455.6 (N) = F,,

Luc hudng tam:
F.; = F;5; X tan(a) = 455.6 X tan(20°) = 165.8 (N) = F,,
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¢) Xdac dinh duong kinh truc:
Xét mit phing yOz
Phuong trinh cin bdng momen xoén tai 6 lin B:
EMy =0 & —Fpy X 34.74 + Fo3 X 51.5 + Rpy X 80 + Mg, = 0

—FypX34.74+Fr3X51.5+MFp
-80

= RDY =

dpny 51.63
Mr,, = Far X == = 21.06 X —— = 543.7 (N)
—63.2%X34.74+165.8x51.5+543.7

= Rpy = —80

= —86.08 (N)
Phuong trinh can bang lyc doc truc theo phuong Y:
XY =Ryy —Fy+ F3—Rpy =0
= Ryy = Fpy — F,3 — Rpy = —63.2 + 165.8 — 86.08 = 16.52 (N)
Xét mat phang xOz:
Phuong trinh c4n bang momen xo4n tai 6 lan B:
IMy =06 F; X34.74 — F;3 X515 —Rpx X80 =0

_ Ft2X34.74+Ft3X51.5
= RDX — —80

= RDX — 183.06%X34.74+455.6X51.5 — 3728 (N)

—80

Phuong trinh can bang lyc doc truc theo phuong X:
XX =Ryx —Fp —F3 + Rpx =0
= Ryx = Fiy + F;3 — Rpxy = 183.06 + 455.6 — 372.8 = 265.86 (N)
Theo thuyét bén 4:

My = \/sz + M,* + 0.75M,°
Ta tinh duoc:
Mige = \/573.92 + 92362 4+ 0.75 X 59802 = 10604.4 (Nmm)

Miac = \/1894.22 + 10620.72 + 0.75 x 59802 = 11966.9 (Nmm)
Puong kinh cac doan truc:

3| Mg 3]10604.4
dg, = 01[o] = 0163 = 11.89 (mm) — Chon d,,; = 15 (mm)

3| Mye  3]11966.9
de, = 01[o] = 0163 = 12.38 (mm) — Chond,,; = 15 (mm)
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Fa=183.06 (N)

Fe= 21.06(N)
Fe=63.2 (N)

e'_m ofRe

X _MF-:455.6 (N)

Fa=165.8 (N)

| Lon)

f&ﬂﬂ
Qy (N)
)
b ——, Wi (N.mim)

372.8

Qx (N)
9236 10620.7

My (N.mm)

23639
T (N.mm)

Hinh 4. 4 So do truc I1.
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4.7.3 Thiét ké truc 111
a) Thong s6 ban dau:
Momen xoan: T; = 19816 (Nmm)
Sb vong quay: n; = 200 (vong /phut)
b) Chon vat liéu:
Chon vat li¢u 1a thép C45 thuong hoa.
Gi6i han bén: 0, = 600 MPa
Giéi han chay: o, = 340 MPa
Ung suét xoan cho phép: [t] = 15 + 30 MPa chon so bo [75] = 30
) Chon so bo duong kinh:

Duong kinh tinh toan so bo:

L0 T _e[19s16
3= (o020~ |0230 ~ 1489 (mm)

= Chond; = 15 mm theo tiéu chuin
d} Chiéu rong 6 lan:
Theo bang 10.2 chon b; = 11 mm
¢) Tinh toan phac thao kich thudc truc:
l31 = 13 =80 (mm)
l;, =13; — l,, =80 —285 =515 (mm)

bs +1 11+ 25
lcssz%"'hn‘*ks: 2

l32 == l31 + lC33 = 80 + 43 = 123 (mm)

+ 154+ 10 = 43 (mm)

Voi:
k; = 10 = 20; chon k; = 10: Khoang cach tir mat muat 6 t6i nap 6
h, = 15 + 20; chon h,, = 15: Chiéu cao nip 6 va dau bulong
lmzz = Loy = 15 (mm): Chiéu rong mayo banh ring tru
sz = (1,4 = 2,5)d; = 21 + 37.5 (mm); chon L3, = 25(mm) : chiéu
dai mayo nira khép nbi truc dan hoi
f) Luc tac dung 1én truc
Luyc tac dung tir banh rang tru rang thang bi dan
Fiy = Fi3 = 455.6 (N)
F,, = F,3 = 165.8 (N)
Luc tac dung tur truc dan hoi

2T, 2 x 19816
Fonp = 0.2F, = 02— =0.2 x

2x 2 = 792,64 (N
D, 50 (V)
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¢) Xdac dinh duong kinh truc:

Xét mit phang yOz:

Phuong trinh cin bang momen xodn tai 6 lin B:
IMy=0e —F,, X515+ Ry, x80=0

—Fr4x515 _ —165.8X515
& = = —-106.73
80 80

Phuong trinh can bang lyc doc truc theo phuong Y:
XY =Rpyy —Fy +Rpy =0
= R,y = F.4 — Rpy = 165.8 —106.73 = 59.07 (N)
Xét mat phang xOz:

= Rpy =

Phuong trinh c4n bang momen xoan tai 6 lan B:
XM, =06 —F X515+ Rpy X80+ Frppp X123 =0
_ Fiy X 51.5 = Frynp X 123
DX = 30
Phuong trinh can béng lyc doc truc theo phuong X:
XX = Ryx + Foa — Rpx — Frgn2 = 0
Ryx = —Fi4 + Frjna + Rpx = 455.6 + 792.64 + 1111.95 = 1448.99 (N)
Theo thuyét bén 4:

= 1111.95 (N)

M, = \/sz + M,* + 0.75M,°

Ta tinh duoc:

M4, = /0.75 x 198162 = 17161 (Nmm)
M,qc = /30422 + 746172 + 0.75 x 198162 = 76625 (Nmm)
M,qp = /360.6% + 1288982 + 0.75 x 198162 = 130035 (Nmm)

Miap = \/02 + 948152 + 0.75 x 19802 = 96355 (Nmm)
Puong kinh cac doan truc:

i, = | Muaa 217161 g o0 mm) — Chon d, = 20
= = = . - =
4= lo1[e] ~ .[01.63 mm on Ga (mm)

g = | Mac__*|76625 _ ) 56 um) — Chon dy, = 25
= = = . - =
¢= 101[e] ~ .|0,1.63 mm on ds (mm)

d, = | Mean__ 21830085 oo ) m)  Chon d,. = 28
= = = . - =
D 01[0] 0163 mm ond, (mm)
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3| Mg 296355
0,1[¢] ./ 0,1.63

F=4556 (N) K
Fs=165.8 (N)
FusT9264 (N)
Re
R EI :
C Rux e
Z Ry

dg = = 24.8 (mm) - Chondp = 25 (mm)

Qy (N)
Mx (N.mm)
- Qx (N)
% 3 7
792.64
1448.99
128898.65

746178

My (N.mm)

T (N.mm)

Hinh 4. 5 So do truc I11.
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4.7.4 Kiém nghigm truc
a) Kiém nghiém truc vé d6 bén moi
Theo cong thirc (10.19), (10.20), (10.21) [7]:

So:St.
7T
5j = —=2[s]
S
j j
01
Sg. =
J KdjOaj + WoOm;
T4
Sy; =

KdjTaj + YT
Trong do:
s; hé sO an toan tai tiét dién nguy hiém.
[s] 12 hé s6 an toan cho phép, théng thuong: [s] = 1.5 + 2.5
o_;, T_; 12 gi6i han moi udn va xoan mg véi chu ky ddi xtng,
0_; = 0.4360, = 370.6 (MPa)
T_, 12 gi6i han moi xoan g véi chu ky doi xung,
T_1 = 0.580_;, = 214.9 (MPa)
Ogajs Tajs Omj» Tmj 1@ bién d0 va tri s6 trung binh ctia (mg suat phap va

mg suét tiép tai tiét dién j. Vi truc quay 1 chiéu, theo (10.22) va

(10.23) [7]:

ij =0
M;

0 P T —
a) \A/]

T
Taj = Tmj = 2W,;
Trong do:

W, va W,; la momen can udn va momen can xodn tai tiét dién j cta truc. Dé lip
ghép céc chi tiét trén tryc, thong nhat thiét ké, dung then bang va kiéu lap khe hd h6 dé
Iap cac chi tiét banh rang va khop ndi trén céc truc, kiéu ldp khe hé h6 dé lap cac 6 lan.
Dua theo két cdu truc trén hinh 4.1, hinh 4.2 va hinh 4.3, mit cét nguy hiém trén truc I:
banh dai 12, 6 lan 10 va banh rang 13; truc II: banh rang 22, banh rang 23; tryc III: banh
rang 32, 6 lan 31 va khép ndi 33.

Theo bang (9.1a) két hop véi bang 10.6 [7], 1ap duoc bang sau.
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Bdng 4. 6 . Bang théng sé hinh hoc ciia then va MOMeN cdn uén va cdn xodn cia truc

Chiéu sau

L Puong kinh Tiét dién . Momen uén | Momen xoédn
Tict dién ranh then t,
truc (mm) | bxh (mm?) W (mm?3) W, (mm?3)
(mm)

1A 10 3x3 1.8 80.02 178.2

1D 14 5x5 3 204.57 473.96
2B 15 5x5 3 259.33 590.67
2C 15 5x5 3 259.33 590.67
3C 28 8X7 4 1825.98 2785.72
3E 25 8x7 4 1251.74 2758.72

Py, Uy 12 hé s6 xét dén anh hudng ciia ing suat trung binh dén do bén mai, theo

bang (10.7) [7], chon dugc:

Trong do:

Y, = 0.1; P, = 0.05
Kodj» Keqj 12 hé s6, theo cong thirc (10.25), (10.26) [7]:

—S 4K, —1
Ko'djz(so- ny )
o (E—:+KX— 1)
1dj Ky

(4.2)

K, 12 hé sd tap trung ung suét do trang thai bé mat, theo bang (10.8) [7]

chon phuong phap tién:

R, =25+ 0.63 dugc K, =1.1
K, la h¢ so ting bén bé mit, theo bang (10.9) [7], chon phuong phap

thdm cacbon, chon duoc: K, =128

€5, € 12 hé s6 kich thude, chon trong bang (10.10).

Ko, K, 12 hé s6 tap trung g suét, theo bang (10.12) cat bang dao phay
ngdn, chon dugce: K; = 2.01; K, = 1.388

Thay vao (4.2) va (4.1) 1ap dugc bang sau.
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Bang 4. 7. Bang danh hwéng ciia dwong kinh dén hé so an toan s

Puong Ky K,
Tiét | kinh P &
dien | truc | Ranh | Khe | Ranh | Khe | Ked | Kw | So | S >
(mm) then hé then ho
1C 12 - 2.06 - 1.64 | 0.055 | 0.055 | 56.32 | 79.68 | 1.39
1D 14 1.79 2.06 1.47 1.64 1.05 0.87 5.2 32.26 | 1.14
2B 12 - 2.06 - 1.64 | 0.055 | 0.055 - - -
2D 15 1.79 2.06 1.47 1.64 1.055 | 0.87 | 162.6 | 39.02 1.2
3C 25 - 2.06 - 1.64 | 0.055 | 0.055 - - -
3D 28 1.98 2.06 1.47 1.64 1.15 0.87 | 7.955 | 208.5 | 1.03
3E 25 1.98 2.06 1.47 1.64 1.15 0.87 5.45 1459 | 1.03
= Thda man tit cd hé s6’ bén moi thod man diéu kién cho phép.

b} Kiém nghiém bén then

Chon chiéu dai then: [ = (0.8 + 0.9)1,, v6i L,,,: chiéu dai mayo,

Theo day chiéu dai then tiéu chuan bang (9.1a) [7], chon duoc:

lyya = (0.8 +09)L,,, =(0.8+0.9) %20 =16+ 18, chonly, = 18 (mm);

lup = (0.8 = 0.9)l,,,; = (0.8+09)Xx12=9.6+108,  chonlyp = 10 (mm);
log = (0.8 0.9, = (08=0.9)x15=12+135  chonlys = 13 (mm);
lizc = (0.8 +0.9)l,,5, =(08+09) x15=12+13.5, chon lizc = 13 (mm);
lisg = (0.8 + 0.9)1,,35 = (0.8 +0.9) X 25 =20 + 22.5, chon lizg = 22 (mm);

Theo cong thuc (9.1) va (9.2) [7]:

_ 2T < [o,]
ST Ay T
= .

Trong do:
G4, T 12 ng sudt dap va ing suat cit cua then (MPa).
T 1a momen xoén trén truc (Nmm).
d la duong kinh truc (mm).
l,,b,h, t; 1a chiéu dai, chiéu rong, chiéu cao cua then va chiéu sau rinh
then (mm).
[64] 12 ing suat dap g suat cat cho phép ciia then (MPa), theo bang
(9.5) [7] vdi tai va dap nhe, chon dugce [o4] = 100 (MPa).
[t.] 13 tng suat cét cho phép cua then, véi tai va dap nhe [t.] = 40 ... 60
(MPa).
Tir bang (4.5) két hop véi (4.3) 1ap duoc bang 4.8
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Badng 4. 8 Tinh kiém nghiém then trén 3 truc.

Tiét
; d I, bxh ty T 04 Tc
dién
1A 10 18 3x3 1.8 1730 9.61 6.40
1D 14 10 5X5 3 1730 6.17 4.94
2B 15 13 5x5 3 5980 15.33 12.26
2C 15 13 5x5 3 5980 15.33 12.26
3C 28 13 8x7 4 19816 18.14 13.6
3E 25 22 8x7 4 19816 12 9
= T4t cd then déu thoa man diéu kién bén.

4.8 Chon 6 lin va ndi truc:
4.8.1 Chon logi é lan.

Véi i—i > 0.3 trén céc truc nén chon 6 bi d& — chin dé lép vao cac vi tri géi do
trén truc I va truc II, chon 6 bi d& mét day dé lép 1én truc III.
4.8.2 Chon cdp chinh xac o lin.

Déi voi hop giam tde, thuong chon cap chinh xac ché tao 6 1an 1a 0 tir 46, do dao
hudng tam 1a 20 (um) [7].
4.8.3 Chon kich thuwéc 6.

Tir duong kinh ngdng truc va tai trong, chon 6 lin theo SKF Catalogue dé lap
vao cac gbi d& co thong sd nhur sau:

Bang 4. 9 Bdng thong sé 6 lan.

M4 san pham (SKF) | d (mm) | D (mm) | B (mm) | C (kN) | C, (kKN)
7201 BECBP 12 32 10 7.61 3.8
6204 RZJEM 25 47 12 13.5 6.55

4.8.4 Kiém nghiém kha néng tdi déng cia é.
) Tinh phan luc cua 0.
F, 1a tai trong huéng tam 1én 6 (N). F, = \/F)%TF}% voi Fy, Fy la lyc hudng tam
tac dung 1én 6 theo phuong x va y. Thay vao tinh dugc:
Frip = /186.52 + 125.12 = 224.5 (N);
Frip = V218.52 + 188.62 = 288.6 (N);
Froa = V265.52 + 16.522 = 266 (N);
Frp = V372.8% + 86.082 = 382.6(N);

Frga = V1448.9%2 + 59.072 = 1450 (N);
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F.3p =V1111.92 + 106.72 = 1117(N).
b) Tinh tai trong dong quy udc.
Theo cong thirc (11.3) [7]: Q = (XVF, + YF,)kKk4

Trong do:
Q 1a tai trong dong quy uoc (kN).

F., F, la tai trong hudng tam va tai trong doc truc (kN).
X, Y 12 hé s tai trong hudng tam va tai trong doc truc, Tra theo bang
11.4[7].
V 1a hé s6 ké dén vong nao quay, véi vong trong quay V = 1
k¢, kq 12 hé s6 nhiét do va hé sb tai trong. Vi nhiét do < 100°C, k, =
1. Theo bang 11.3 [7], v6i va dap trung binh, chon kg = 1,8.

Bang 4. 10 Bang tinh tdi trong quy uwoc.

Goi do e F. (kN) | F, (kN) X Y Q (kN)
1B 0.68 0.2245 0.136 1 0 0.4041
1D 0.68 0.2886 0.174 1 0 0.51948
2A 0.68 0.2660 0.161 1 0 0.4788
2D 0.68 0.3826 0.231 1 0 0.68868
3A - 1.4500 - 1 0 2.61
3D - 1.1170 - 1 0 2.01

) Tinh tai trong tuong duong.

Theo cong thue (11.1), (11.3), (11.18) va (11.19) [7], Tai trong dong va tai trong
tinh cta 6 lan duoc tinh nhu sau:

Tai trong dong cta 6 1an:Q = (XVF, + YF,)K.K4

Tai trong tinh cta 6 1an:Q, = X F, + Y,F,

Kha nang tai dong:C = Q. VL

Kha ning tai tinh: C, = Qo. VL

Thoi han sir dung cua 6 lan:Véi L = 622?‘
60.2400.10000 .
L,=L,= 106 = 1440 (Triéu vong)
60.800.10000 .
Ly =1L, = 106 = 480 (Triéu vong)
60.200.10000 .
Lg=Lg = 106 = 120 (Triéu vong)

Trong do6:
Q: 1a tai trong dong (kN).
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Qo la tai trong tinh (kN).
L: 1a thoi han (giod), ddi v6i hop giam tée L, = 10000 (gio)
n 14 s6 vong quay (vg/ph)
m 1 bac cua dudng cong moi, v6i 6 bi m = 3.
Cq 12 kha néng tai dong (kN).
Thay vao 1ap dugc bang 5.3.
X,: Hé s6 tai trong hudng tam, X, = 0.5
Yy: Hé s6 tai trong huéng truc, Y, = 0.37
Bang 4. 11 Bang tinh kha nang tdi déng ciia 6 ldn.

Goidd | Q(kN) | Qo (kN) | Cou(kN) | C(kN) | Coot (kN) | Co (KN)
1B 04041 | 0.1625 4.56 7.61 1.83 3.8
1D 051948 | 0.2086 5.86 7.61 2.35 3.8
2A 04788 | 0.1925 3.74 7.61 151 3.8
2D 0.68868 | 0.2767 5.39 7.61 2.16 3.8
3A 2.61 0.7251 12.9 135 3.57 6.55
3D 2.01 0.5585 9.9 16.8 2.75 95

Thay dugc, Cy; < C, Cpoy < Co => Thoa man diéu kién tai dong, tai tinh.
4.9 Thiét ké vo hop va cac chi tiét phu

V6 hdp giam tdc ¢6 nhiém vu dam bao vi tri tuong doi gilta cac chi tiét va cac bd
phan cia may, tiép nhan tai trong do cac chi tiét lap trén vo truyén dén, dung dau boi
tron va bao vé cac chi tiét tranh bui.

Vit liéu ché tao vo hop 1a gang xam, GX15-32

Chon bé mat ldp ghép gitra ndp hop va than hop di qua dudng tdm céc truc dé lap
cac chi tiét thuan tién va dé dang hon. Bé mit ghép song song véi mit dé.

Mit day hop nghiéng mot goc tir 10 vé phia 16 thio dau nham thuan tién hon
trong viéc thao dau: dau béi tron dugc thay thé sach s&, tang chét luong Iam viéc cho

hop giam toc.HOp gidm tdc dlc co cac thong so co ban sau:
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Bdng 4. 12 Théng sé hép gidm toc.

Tén goi

Théng sb

Khoang cach truc 2-3
Chiéu day:
Than hop, 6
Nip hop, 81

a = 65.625 (mm)
6 =0,03a + 3 =496 (mm)
chon § =5 (mm)
6; = 0,96 = 4.5 (mm)
chon §; = 5 (mm)

Gan tang cung:
Chiéu day, e
Chiéu cao, h

b6 dbc

e=(08+1)§ =4+5(mm)
h < 58 = 25 (mm) chon h = 25mm
Khoang 2°

Puong kinh:
Buldng nén, di
Buldng canh 6, dz
Bulong ghép bich nap va than, ds
Vit ghép nip 6, da
Vit ghép nap ctra tham dau, ds

d, = 14 (mm) > 0,04a + 10 = 12.5
d, = (0,7 + 0,8)d,

=98 +11.2mm
ds = (0,8 +0,9)d, = 8+ 9 mm
d,=(00,6+07)d,=6+7mm
ds = (05+0,6)d, =5+ 6mm

Mit bich ghép nap va than:

Chiéu day bich than hop, Ss

Chiéu day bich nip hop, Sa
Bé rong bich nap hop va than, K3

S;=(1,4+1,8)d;4

=112+ 144 mm
S, =(009+1)S; =108+ 12mm
K; = 30 (mm)

Kich thudc goi tryc:

DPudng kinh ngoai va tam 15 vit, D3, D,
Bé rong mat ghép bulong canh 6: Ko
Tam 15 buldng canh 6: E» va C (k 1a khoang
cach tir tAm buléng dén mép 13)

Dinh theo kich thuéc nap 6
K, =E, +R,+ (3+5) =42 (mm)
E, = 1,6d, = 16 (mm)
R, = 1,3d, = 13 (mm)

Mat dé hop:
Chiéu day khong c6 phan 16i S
Bé rong mat dé hop, Ki va

S, =10 (mm)
K; = 15 (mm)
q=33mm =K, +28 =33 (mm)

Khe ho giita cic chi tiét:
Gitlra banh rang vdi thanh trong hdp
Gitra dinh banh rang 16n véi day hop

A=8(mm)=>(1+12)6 =(5+6)
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Gifra mdt bén cac banh rang vé1 nhau. A;=20(mm) = (3+5)6
= (15 =+ 25)

A,=5(mm)=>8§ =5

S6 lugng buldng nén Z Z=~4
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Chuwong 5 Thiét ké h¢ théng didu khién

5.1 He¢ thong diéu khién.

NGUYEN LY HOAT BONG

RCE <1400

— < ~iPong co cat quay I
Tin hiéu tir hé
b6 diéu N\ /36002 RCE 21400 ~

: Dong co cat tat
khién
RCS <1400
l /\—«[ Nang truc cét |
\|/ 2 6002 RES21400 >y
/ s }\?5/ Gitr vi tri
“ X ly o —————){““ %0 Ha truc cat |

tl nhiéu _~ A
\ ¥ —RCltem s eo bén tral tidn

\/

7\ S
—R )-8 AU Hong co dirng |

\/ a r
[_BC1=M®_/'Béng co bén trai G

__ RC3>1600 "'*{DOng co bén phai tién ’

’::\R:}\ 1600 = RCI 21400~ ‘*Déng co dirng
%{9@9 co' bén phai i

Hinh 5. 1 Biéu do6 hoat déng hé thong mady cdt ¢é banh xich.
5.2 Giei thiéu céc linh kién dién tik.
5.2.1 B§ diéu khién 6 kénh Microzone MC6C (TX) va mgch thu MC7RB nang cdp.
HO tro tin hiéu ra PWM va SBUS:
- Diéu khién 6 kénh, pht hop ché tao may bay, Cano, 6 t6, md hinh diéu khién
tu xa. ..
- Tay diéu khién tich hop day dii chtrc ning mix kénh, d4o kénh, ting giam do
nhay, ...
- Thich hop cho nhiing ngudi méi choi mé hinh didu khién tir xa (RC)
- Khoang cach diéu khién: 300m - 800m.
Thoéng s tay diéu khién (TX)'

Hinh 5. 2 Tay diéu khién TX.
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Tén s6: 2.400 GHz dén 2.483 GHz

Cong suit: < 100mW

Dong hoat dong: < 120mA

bién &p st dung: 8.4V - 12V (Str dung 4 PIN AA)
Diéu khién 6 kénh

Thong sb bd thu (RX):

MC7RB-V2

Hinh 5. 3 B¢ thu song RX.

Tan s0: 2.400 GHz dén 2.483 GHz
bié¢n ap st dung: 4.8V - 6V
Trong luong: 9.6g

5.2.2 Arduino Mega 2560.

- k)
=
¥y
Jaeis e

Hinh 5. 4 Board mach Arduino Mega 2560.

St dung vi diéu khién ATmega328

bié¢n ap hoat dong: 5V

Dién ap dau vao(khuyén nghi): 7 - 12V (Cap vao chan V_in hoic Jack nguén
DC)

Dién ap gidi han: 6-20V, dimg cip qué con sd nay nha!
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- Dong ra trén mdi chan I/O: 20mA
- Dong ratrén chan 3.3V: 50mA
- 14 chan I/0 s ( trong d6 c6 6 chin PWM ra)
- 6 chan Analog vao (do phan giai 10bit)
- B0 nhé Flash 32kB dé luu chuong trinh
- 2kB SRAM, 1kB EEPROM.
- Téc d6 xung nhip 16MHz.
5.2.3 Mach Piéu Khién Péng Co DC L298N.

Hinh 5. 5 Mach diéu khién dong co DC L298N

- IC chinh: L298 — Dual Full Bridge Driver
- Pién ap dau vao: 5~30VDC
- Cong suét tdi da: 25W
- Dong tbi da cho mdi cau H 1a: 2A
- M dién ap logic: Low -0.3V~1.5V, High: 2.3V~Vss
- Kich thuoc: 43x43x27mm
5.2.4 B¢ diéu Téc Hobbywing Xrotor.
a) BO diéu toc Hobbywing Xrotor 40A.

Hinh 5. 6 B¢ diéu téc Hobbywing Xrotor 40A

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
Nguyén Thanh Phuc 73



Dong dién tuc thoi (Transient Current): 60A (Dong dién tdi da ma thiét bi c6 thé
chiu dung trong thoi gian rat ngin).

Dong dién lién tuc (Continuous Current): 40A (Dong dién ma thiét bi c6 thé hoat
dong 6n dinh lién tuc ma khong bi qua nhiét).

Bo pin (Battery Pack): 2-6S (Twong thich véi cac bd pin LiPo tir 2 dén 6 cell).

Trong lugng: 26g.

Kich thuéc: 68mm x 25mm x 2.7mm.

Ung dung: thich hop cho céc loai drone c6 kich thudc nay hodc cac thiét bi diéu
khién tir xa.

b} B diéu tdc Hobbywing Xrotor 60A.

Hinh 5. 7 B¢ diéu téc Hobbywing Xrotor 60A

Thong s k¥ thuat:
Dong dién lién tuc/tic thoi: 60A/80A (Dong dién c6 thé chiu lién tuc 12 60 Ampe
va dong dién t6i da trong thoi gian ngan la 80 Ampe).
Pau vao (Input): 2-6S LiPo (HJ trg ngudn dién tir pin LiPo c¢6 2 dén 6 cell).
Kich thudc & Trong luong:
Kich thuéce: 77.0 x 35.0 x 14.0 mm
Trong lugng: 639

5.3  Lép trinh diéu khién
#include <Servo.h>
const int enA = 13;
const intinl = 27;
const int in2 = 29;

const int enB = 23;
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const int in3 = 25;

const int in4 = 23;

const int tempPin = AQ;

Servo escl;

Servo esc?;

Servo esc3;

const int chl = 2;

const int ch2 = 5;

const int ch3 = 6;

const int ch4 = 7;

const int chCut =9;

int valCh1l, valCh2, valCut;

void setup() {
pinMode(enA, OUTPUT);
pinMode(inl, OUTPUT);
pinMode(in2, OUTPUT);
pinMode(enB, OUTPUT);
pinMode(in3, OUTPUT);
pinMode(in4, OUTPUT);
escl.attach(3);
esc2.attach(4);
esc3.attach(9);
pinMode(chl, INPUT);
pinMode(ch2, INPUT);
pinMode(ch3, INPUT);
pinMode(ch4, INPUT);
Serial.begin(9600);

b

void loop() {

valChl = pulseln(chl, HIGH, 25000);

valCh2 = pulseln(ch2, HIGH, 25000);
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valCut = pulseln(chCut, HIGH, 25000);
escl.writeMicroseconds(mapRC(valChl));
esc2.writeMicroseconds(mapRC(valCh2));
if (valCut > 1600) {

esc3.writeMicroseconds(1700); // chay
}else {

esc3.writeMicroseconds(1000); // tat

b
int val3 = pulseln(ch3, HIGH, 25000);

int val4 = pulseln(ch4, HIGH, 25000);

if (val3 > 1600) { // tién
digitalWrite(inl, HIGH);
digitalWrite(in2, LOW);,
analogWrite(enA, 200);

} else if (val4 > 1600) { // lui
digitalWrite(inl, LOW);
digitalWrite(in2, HIGH);
analogWrite(enA, 200);

}else {
analogWrite(enA, 0);

b
int raw = analogRead(tempPin);

float voltage = raw * 5.0 / 1023.0;

float tempC = voltage * 100;
if (tempC > 35.0) {
digitalWrite(in3, HIGH);
digitalWrite(in4, LOW);
analogWrite(enB, 180);

}else {
analogWrite(enB, 0);

b
Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
Nguyén Thanh Phiic 76



delay(20);

}

int mapRC(int val) {
if (val < 1000 || val > 2000) return 1500; // neutral néu 15
return constrain(val, 1000, 2000);

}
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Chuong 6 Thiét ké két cAu khung @& truc bam.

6.1 Xac dinh yéu cau thiét ké.
6.1.1 Muc dich thiét Ké.
Thiét ké khung d& cum truc bam cho may cit co

bam bao dg cing vitng, 6n dinh va an toan khi hoat dong vi van tée di chuyén

khoang 4 km/h — 8 km/h.
6.1.2 Yéu cau chitc ning.
Chiu dugc tai trong tir cum tryc bam (gém dong co, truc bam,).
Béao vé va gitt ¢d dinh céc chi tiét khi 1am viéc.
Két ndi chic chan véi phan khung xe.
6.1.3 Tadi trong tac dung.
Luc va dap tu co, soi, luc rung dong truc quay truc bam.
Tai trong dong do chuyén dong cua may.
Trong lugng ban than cia trong cit 1kg va dong co khdi lugng Skg.
6.2 Vatliéu.
Thép hop ma kém 30x30x1,4 mm. Vat liéu SS400
Thép tAm Smm. Vit liéu SS400
a) Dic diém chung cia thép SS400
Tén goi day du: Structural Steel 400 (SS400)
Loai thép: Thép cacbon can nong dung cho két cau
b} Thanh phan hoa hoc [5].
Bang 6. 1 Thanh phan héa hoc mdc thép SS400.

Nguyén to Ham luong tdi da (%)
C (Carbon) <0.050-0.25
Mn (Mangan) <1.40
Si (Silic) <0.05-0.35
P (Photpho) <0.050
S (Luu huynh) <0.050

¢) Tinh chat co hoc.

Bang 6. 2 Tinh chdt co hoc mdc thép SS400

Tinh chit Gia tri tiéu biéu
G161 han chdy (Yield Strength) | > 245 MPa (cho thép day < 16 mm)
Do bén kéo (Tensile Strength) 400 — 510 MPa
Do gidn dai (Elongation) >21% (v6i miu chuan)
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d) Uu diém.
- D& han, cit, gia cong.
- Gia thanh ré.
- Dé tim trén thi trudng.
- Phu hop véi cac két cAu chiu tai vira va nhe.
e) Nhuoc diém.
- Kha ning chéng dn mon thip (can son pha hodc ma kém khi dung ngoai troi).
- Khong thich hgp cho cac két cu chiu luc cao hoic moi truong khéc nghiét.
6.3 M0 hinh hoa 3d két cau.
6.3.1 Phan mém mo phéng 3d
SOLIDWORKS 14 phin mém thiét ké 3D tham s6 chay trén hé diéu hanh
Windows va c¢6 mat tor nam 1995, dugc tao bdi cong ty SOLIDWORKS Dassault
Systémes, 1a mot cong ty thanh vién cua tp doan cong nghé hang dau thé gidi Dassault
Systémes, S. A. (Vélizy, Phap). Cong dong ngudi ding SOLIDWORKS ban quyén trén
thé gi6i hién 14 gan 6 triéu ngudi véi khoang 200.000 doanh nghiép va tap doan.

Hinh 6. 1 Phan mém mé phéng 3d.

Céc chtrc nang chinh:

+ Thiét ké 3D (3D Modeling): Tao va chinh sira cac chi tiét, cum lap réap va
ban v¢€ k¥ thuat.

+ Mo phéng co hoc (Simulation): Phan tich do bén, bién dang, ng suét, rung
dong, truyén nhiét.

+ Mo phéng chuyén dong (Motion Analysis): M6 phong cac chuyén dong
thuc té gitta cac chi tiét trong co cdu may.

+ T6i wu héa thiét ké: Phan tich va cai tién mé hinh dua trén tiéu chi tdi vu
(trong lugng, do bén, chi phi...).

+ Tich hgp CAM: Lap trinh gia cong CNC tryc tiép tir mo hinh 3D.
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6.3.2 Dung mo hinh 3d.

Hinh 6. 2 Thiét ké khung cdt

Mo hinh déy du chi tiét gém: khung cat, tréng cit, bo truyén, géi dd, diém bat
dong co.

- Khung cit trong thiét ké may cit ¢o dong vai tro 1a bo phéan chiu lyc chinh,

dam nhi€ém chtrc nang nang d¢ truc bam, dong co va cac chi tiét lién quan.

Pé dam bao do cung vimg, kha niang chiu tai va do bén trong diéu kién lam

viéc ngoai troi, khung dugc ché tao tr hai loai vat liéu chinh 1a thép hop
30x30x1.4 mm va thép tim day 5 mm. Thép hop 30x30x1.4 mm cé két cau

rong, trong lugng nhe nhung van dam bao do ctng can thiét, rat phu hop dé

1am khung xuong bao quanh méy va d& cac cum chi tiét. Gitp t6i wu gitta do

bén, d6 6n dinh va trong lugng téng thé, déng thot thudn tién trong qua trinh

gia cong, han lap va bao tri.

Hinh 6. 3 M6 phéng khung cit.
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Hinh 6. 4 M6 hinh 3d khung cat.

Tryc bam: tryc bdm dong vai trd trung tAm truyén luc tir dong co ra ludi dao. Khi
truc quay voi tdc d6 cao, cac dao gén trén truc sé tao thanh luc cit du 1on dé xu Iy cacod

mém va cdy than cing c6 duong kinh nho.

1. Ong thép ma
kém D60x3
Cum dao cét
Truc

QN

Hinh 6. 5 Cdu tao truc bam.

Hinh 6. 6 M6 hinh 3d truc bam.
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Hinh 6. 7 B¢ truyén dai thang B.

Hinh 6. 8 Thiét ké lap ghép cum lap ghép khung cat cé truc bam.

6.4 MO0 phéng co hoc
Muc dich ciia viéc kiém nghiém khung cat: M6 phong trong ANSYS nham kiém
tra d6 bén va kha nang lam viéc an toan ctia khung cat.

Go6m hai tinh hudng dién hinh:
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- Tai trong tinh trong diéu kién may khong hoat dong (phan bd déu tai trong
do trong luong cac chi tiét, dong co...).

- M0 phéng va cham mé phong tinh — dai dién cho truong hop khung cit va
vao vat can khién xe dirng han khi dang di chuyén téc do 8 kmv/h. Véi:

+ Van toc dang di ctia xe: vmax = 8km/h = 2,22 m/s

+ Momen xoin tao boi banh dan dong Txe = 19,816 N.m

+  Sir dung banh xich vé6i thong sb: 180 . 60 . 37 mm

+ Budc xich Px= 60 mm

6.4.1 Phan mém ANSYS.

Hinh 6. 9 Phan mém ansys.

ANSYS 1a phan mém mé phong k¥ thuat manh mé duoc sir dung rong rii trong
cac linh vuc co khi, hang khong, dién — dién tir, xay dung va vat li¢u. Phan mém nay
cho phép k¥ su thuc hién cic phan tich s6 nhu phan tich ing sut — bién dang, truyén
nhiét, dong chay chét long (CFD), dao dong, mdi vat li¢u va dién tir hoc béng phuong
phap phan tir hitu han (FEM). Vi kha ning mé phong sat vai thuc té, ANSYS gilp
ngudi dung danh gia chinh xac do bén va hiéu suat 1am viéc clia san pham ngay tir giai
doan thiét ké, tir d6 toi wu hoa két cAu, giam chi phi san xuat va rit ngan thoi gian phat
trién. Giao dién than thién, tich hop nhiéu mo-dun chuyén sau nhu ANSYS Mechanical,
ANSYS Fluent, ANSYS CFX hay ANSYS Electronics khién phan mém tro thanh cong cu
khong thé thiéu trong nghién ctru va thiét ké ky thuat hién dai. ANSY'S dic biét hiru ich
trong viéc kiém tra do bén cua két cdu khung, mo phong tac dong lyc, phan bd tng suit
va kiém chirng hé s6 an toan trong cac du an co khi — ché tao.

#.4.2 Quy trinh mo phéng

a) Toi gian thiét ké hinh hoc va xuat file vao phdn mém ANSYS.

Cum lip ghép khung cit dugc dung trong phan mém SolidWorks va nhap vao
ANSYS.

Bao gé)m dﬁy du céc chi tiét: thép hop, vi tri chiu tai, géi dd, truc bam, dong co....
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Hinh 6. 10 Cum Idp ghép khung cdt dwoc toi gidn thiét ké trén phan mém solidworks.
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Hinh 6. 11 Xudt file vao phan mém ANSYS.

b} Gan vat liéu (Engineering Data)
Vat li¢u: Structural Steel.
Bang 6. 3 Khai bdo thong tin vdt liéu

Théng sd Y nghia / Pon vi
Mat do khoi lugng 7850 kg/m3
G161 han chay 250 MPa
Do bén kéo 460 MPa
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Hinh 6. 12 Gdn vt liéu cho cum chi tiét khung cdt.

¢) Ludi phan tir (Meshing)

Bang 6. 4 Bang thugc tinh va cai dat cua ludi (Mesh)

Object Name

Mesh

State

Display Style

Physics Preference

Solved

Use Geometry Setting

Mechanical

Element Order

Program Controlled

Element Size

Default

Use Adaptive Sizing Yes
Resolution Default (2)
Mesh Defeaturing Yes
Defeature Size Default
Transition Fast
Span Angle Center Coarse
Initial Size Seed Assembly
Bounding Box Diagonal 918.96 mm
Average Surface Area 1672.5 mm?

Minimum Edge Length

Check Mesh Quality

9.2122e-002 mm

Yes, Errors

Error Limits

Standard Mechanical
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Use Automatic Inflation

Target Quality Default (0.050000)
Smoothing Medium
Mesh Metric None

None

Inflation Option

Smooth Transition

Number of CPUs for Parallel Part Meshing

Transition Ratio 0.272
Maximum Layers 5
Growth Rate 1.2
Inflation Algorithm Pre
View Advanced Options No

Program Controlled

Straight Sided Elements

No

Number of Retries

Default (4)

Rigid Body Behavior

Dimensionally Reduced

Triangle Surface Mesher

Program Controlled

Topology Checking

Yes

Pinch Tolerance

Please Define

Generate Pinch on Refresh

Nodes

No

.

58620

Elements

29518

Q.00 200.00 40000 (mm)
P ma—
100.00 300.00
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) Rang budc va tai trong (Setup)
Tinh hudng 1 tai trong tinh trong diéu kién may khong hoat dong (phan bd déu

tai trong do trong lugng céc chi tiét, dong co...).
- Fixed support: dat rang budc ¢d dinh tai bé mat duoc chon.
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Hinh 6. 14 Chon bé mdt cé dinh.

- Standard Earth Gravity: tai trong trong luc do trai dat tic dong 1én khung.
+ Gia tc chudn: 9.8066 m/s? (theo phuong -Y)

+ Téc dong: Phan bd déu 1én toan bd vat thé
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Hinh 6. 15 Dt diéu kién trong lyc lén toan bo cum chi tiét khung cat

i a

- Két qua:
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Hinh 6. 16 M6 phong bién dang ciia két cdu duwéi tac ddng cua trong lyc.

Bdng 6.5 Két qua tong bién dang.

Time [s]

Minimum [mm]

Maximum [mm]

Average [mm]

0.

4.0766e-002

1.3201e-002

[
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Hinh 6. 17 Phan tich két qua irng sudt twong dicong (Von-Mises).

Bang 6. 6 Két qua vng sudt Von-Mises (Equivalent Stress)

Time [s]

Minimum [MPa]

Maximum [MPa]

Average [MPa]

1.

8.5496e-005

15.515

0.53682

Sinh vién thuc hién: Nguyén Khoa Phuong
Nguyén Thanh Phuc

Giang vién hudng din: TS. V5 Tran Anh



10000 3000
|\ Geometry L Prnt Breview ) Kegont Freven/
Bk ¢ Tebuser Data

Ansrunan K’ W MW L 2oremes . 3% Autod - .‘a Qm yoe |.'r—miﬁ“""‘“".':';"'"'“"’".';i“m

Hinh 6. 18 Hé s6 an toan két cau khung cdt.

Bang 6. T Két qua phdn tich hé s6 an toan két cdu khung cdt.

Time [s] Minimum Maximum Average

1. 15. 15. 15.

Tinh hudng 2 mé phong va cham mé phong tinh — dai dién cho trudng hop khung
cit va vao vat can khién xe dirng han khi dang di chuyén tc d6 8 km/h.

- Fixed support: dét rang budc ¢d dinh tai bé mat duoc chon.
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Hinh 6. 19 Chon bé mdt cé dinh.

- Standard Earth Gravity: tai trong trong luc do trai dat tac dong lén khung.
+ Gia toc chuan: 9.8066 m/s? (theo phuong -Y)

+ Tac dong: Phan bd déu 1én toan bo vat thé
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Hinh 6. 20 Pt diéu kién trong luc lén toan bo cum chi tiét khung cdt.
- Force: lyc tac dong do va cham 1én khung cit.
+ Chon bé mat dat lyc 1a vi tri d& va cham trén khung cit.
+ Luc va cham: 907,2 N (theo phuong -X)
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Hinh 6. 21 Pdt e va cham 1én khung cat.

- Két qua:
+ Tong bién dang (Total Deformation)
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Hinh 6. 22 M6 phéng bién dang ciia két cau dwdi tdc ddng cua trong lyc va va cham.

Bang 6. 8 Két qua tong bién dang.

Time [s] Minimum [mm] Maximum [mm] Average [mm]

1. 0. 0.18999 6.6089e-002

-
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Hinh 6. 23 Phdn tich két qua irng sudt twong dirong (Von-Mises) khi c¢é va cham.

Bang 6. 9 Két qua vng sudt Von-Mises (Equivalent Stress)

Time [s] Minimum [MPa] Maximum [MPa] Average [MPa]

1. 1.33e-004 35.779 2.6636
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Hinh 6. 24 H¢ s6 an toan két cdu khung cat khi ¢é va cham.
Bang 6. 10 Két qua phdn tich hé sé an toan két cau khung cdt.
Time [s] Minimum Maximum Average
1. 6.9873 15. 14.993
= Két ludn: Vi hai tinh huéng mé phdng ta thdy téng bién dang khi cum

cor cdu cdt chiu tdc dung cia trong lc va cd va cham khéng ding ké so vdi toan
bo két cdu. Hé sd Safety Factor cua hai trwong hop déu lon hon 1,5. Duwoi tic
déng trong lwrc hé s6 an toan déu 15 va truwong hop co va cham vi tri thip nhat
1a 7. CO thé t6i wu gitp giam khoi lwong va vt liéu.
6.4.3 Toi wu thiét Ké.
a) Toi uu vat liéu
Trong ké ban dau, toan bo két cau khung dugc ché tao tir thép hop co tiét dién
30x30%1.4 mm nham dam bao d¢ cimg va tinh dong bo trong ché tao. Tuy nhién, qua
qua trinh phan tich tai trong va md phong ng suat, nhom thiét ké da nhan thay tiém
nang toi uu két cdu bang cach thay d6i cau hinh thép hop sao cho phil hop hon véi timg
vi tri chiu luc cu thé.
Khung cit duoc toi wu bang cach phdi hop nhiéu loai tiét dién thép hop, véi cac
kich thudc va d6 day khéac nhau tuy theo vai tro chiu lyc cia tiung thanh. Cu thé:
Thanh chinh chiu tai 16n (nhu ddm ngang, tru ding trung tAm) van st dung thép
hop 30x30%1.4 mm dé dam bao do clng.
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Céc thanh phu duoc thay bang thép hop tiét dién nho hon (14x14x1.4 mm),

nham giam khéi luong téng thé ma van duy tri duoc do on dinh cua hé két cau.

A

816 1

630

Hinh 6. 25 Két cdu khung cdt dwgc t6i wu.

Hinh 6. 26 Mé phéng 3d khung cdt.

Két qua md phong véi ciing dicu kién rang budc va tii trong so voi phuong an
trudce.
Tinh hudng 1 tai trong tinh trong diéu kién may khong hoat dong (phan bd déu

tai trong do trong lugng céc chi tiét, dong co...).
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Hinh 6. 27 M6 phong bién dang cua két cau dudi tac dong cua trong luc va va cham.

Bdng 6. 11 Két qua tong bién dang.

Time [s] Minimum [mm] Maximum [mm] Average [mm]

1. 0. 7.0496e-002 3.0517e-002

125.00 5.0
D\ Geometry {Print Preveew ), Report Preview /. |
Graph 9 Tabulsr Data ®
1| = 5 =5 [Tinse [3] |[¥ Mimenum (MPa] ||V Masenum (19a] [[¥ Average [MPa]
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Hinh 6. 28 Phdn tich két qua vmg sudt twong dwong (Von-Mises).

Badng 6. 12 Két quda g sudt Von-Mises (Equivalent Stress)

Time [s] Minimum [MPa] Maximum [MPa] Average [MPa]

1. 7.8417e-005 20.37 0.88327

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
Nguyén Thanh Phuc 95



o0 256.00 500,00 {rren)
N —

' 125.00 ne

' |\ Geometry {Print Preview ) Report Preview]
Geaph 3 Tsbulsr Data
Animatioo D> B 1) W] 20Fame v 25ec Ao v g

-

Hinh 6. 29 Hé s6 an toan két cau khung cdt.

Bdng 6. 13 Két qua phdn tich hé s6 an toan két cau khung cat.

Time [s] Minimum Maximum Average

1. 12.273 15. 15.

Tinh hudng 2 mé phong va cham mé phong tinh — dai dién cho trudng hop khung
cit va vao vat can khién xe dirng han khi dang di chuyén tc d6 8 km/h.

000 150.00 300.00 (rm)
500 250
I\ Geometry {Pro Preview ) Report Previen/ 1
Greph 9 Tabudar Dats 3
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Hinh 6. 30 Mo phong bién dang cua két cau dudi tac dong cua trong luc va va cham.

Bang 6. 14 Két qua tong bién dang.

Time [s] Minimum [mm] Maximum [mm] Average [mm]
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Hinh 6. 31 Phan tich két qua irng sudt twong dicong (Von-Mises).

Bdng 6. 15 Két qua g sudt Von-Mises (Equivalent Stress)

Time [s] Minimum [MPa] Maximum [MPa] Average [MPa]

1. 6.7322e-005 60.478 3.681

100.00 00,00
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Graph 9 Y““ 9
Animaton [ D> P [ B! 20rane . 2%eciawol v |3

15

Hinh 6. 32 H¢ 56 an toan két cdu khung cdt khi ¢é va cham.

Bdng 6. 16 Két qua phdn tich hé sé an toan két cdu khung cdt.
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Time [s] Minimum Maximum Average

1. 4.1338 15. 14.918

b) Téi wu khoang cach cac tam 4.
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Hinh 6. 33 Thiét ké thay doi khodng cdch cdc tam dé khung cdt lién két voi khung xe.

Trong thiét ké trude cac vat liéu dugc giit nguyén khong thay doi loai thép sir
dung. Khi cac tim d& khung cat c6 khoang cach xa hon theo Iy thuyét kha nang chiu va
cham tt hon it bién dang hon. Tuy nhién van phai danh gia xem xét anh hudng ta tién
hanh mo phong bai toan va cham sau.

Tinh hudng mé phong va cham mé phong tinh — dai dién cho truong hop khung

cit va vao vat can khién xe dimg han khi dang di chuyén téc do 8 km/h.

= 0 m/s* v

0.078793
0.067536
0.05628
0.045024
0.033768
0.022512
0.011256
0 Min
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Hinh 6. 34 M6 phéng bién dang ciia két cau dudi tdc dong cua trong lyc va va cham.

Badng 6. 17 Két qud tong bién dang.

Time [s]

Minimum [mm]

Maximum [mm]

Average [mm]

0.

0.1013

3.7312e-002

29814

26,087

736

18633

14,907

118

74534

3.7268
7.2451e-5 Min

)l.g

200 200.00
100.00

400.00 {mm)

I\ Geometry A Print Preview ) Report Preview/

Hinh 6. 35 Phdn tich két qud vng sudt twong dwong (Von-Mises).

Badng 6. 18 Két quda g sudt Von-Mises (Equivalent Stress)

Time [s] Minimum [MPa] Maximum [MPa] Average [MPa]
1. 7.2451e-005 33.54 2.0854
Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
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Hinh 6. 36 H¢ so an toan ket cau khung cat khi coé va cham.

Bang 6. 19 Két qua phdn tich hé sé an toan két cau khung cdt.
Time [s] Minimum Maximum Average

1. 7.4537 15. 14.996

= Két luan:
+ Khdi lugng khung giam tir 10.1 kg xuéng con 7.1 kg (~30%).
+ Trong bai toan md phong va cham véi toc do di chuyén 8 km/h, hé s6 an
toan t6i thiéu (SF min) dat 4.2, vuot xa ngudng yéu cau thiét ké thong thudng
(SF > 1.5 = 2), cho thay két cAu van dam bao an toan cao du di duogc giam
nhe.
+ Thiét ké méi khong chi nhe hon ma con duy tri kha niang lam viéc on dinh
trong diéu kién rung dong, va dap khi van hanh ngoai thuc dia.
6.5 Tinh toan co cAu ning ha.
6.5.1 Gidi thigu cdc co cdu nang ha
a) Tay quay — Truc vit (Screw Jack)
- Nguyén ly hoat dong: Tay quay quay truc vit — chuyén dong quay thanh
chuyén dong tinh tién nhod ren — nang/ha vat.
- Uu diém: Chinh xac cao, giit tai tot khong can ngudn ning luong giir luc.
- Nhuoc diém: Cham, cin lyc quay 16n néu tai ning.
- Ung dung: Kich nang xe, co ciu nang trong mdy ép, ban nang...
b} Xi lanh khi nén (Pneumatic Cylinder).
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Hinh 6. 37 Phdn bo liec khung cat.

Nguyén 1y hoat dong: Khi nén day piston di chuyén trong xi lanh — sinh
chuyén dong nang/ha.

Uu diém: Nhe, phan hoi nhanh, chi phi thap.

Nhuge diém: Lyc yéu hon thity luc, khé diéu khién chinh xéc.

Ung dung: DAy chuyén déng gbi, co cau gip, tu dong hoa.

Xi lanh thuy lyc (Hydraulic Cylinder)

Nguyén Iy hoat dong: Dau thity luc duge bom vao xi lanh 1am day piston
gilp nang vat.

Uu diém: Luc rat 16n, chinh xac, 6n dinh.

Nhuoc diém: Nang, gia cao, dé ro ri dau.

Ung dung: Mdy xtic, may ép, thang ning, thiét bj cong nghiép ning.

d) Xi lanh dién (Electric Linear Actuator)

Hinh 6. 38 Xilanh dién.

Nguyén Iy hoat dong: Motor dién quay — truyén dong truc vit — day piston
— tao chuyén dong thang.
Uu diém: Chinh xac, diéu khién dé (PLC, remote), sach sé.

Nhuoe diém: Gia cao, luc gi61 han theo motor.
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- Ung dung: Tu dong hoa thong minh, ban ning, cira tu dong, robot cong
nghiép.
= Chon xilanh dién phu hop véi diéu kién 1am viéc.
6.5.2 Tinh todn chen xilanh dién.

a) Thong tin dau vao:

Hinh 6. 39 Phdn bo lic khung cat.

Khéi luong vat: 20 kg
- Trong lyc Fy: Fu=m.g=20.9.81=196,2 N
- Khoang cach AB: 170 mm =0.17 m
- Vi tri luc tac dung: tai B
- Huéng luc nang C: lyc C tiép tuyén cung tron tdm A ban kinh AB (da cho
trén hinh v¢)
b} Tinh momen trong luc quanh diém A:
Vi trong lyc tac dung tai trong tam vat, ta gia s ré“mg toan bo vat thé co khdi
luong tap trung tai diém B.
Do dd, mé-men trong luc quanh diém A 1a:
Ma= Fy.AB =196,2.0,17=33.354 Nm
¢) Xac dinh phuong va momen cia lyc tai diém B:
Luc tai diém B c6 hudng theo vector C — B, tirc 1a ¢o thé xac dinh gbc gitra luc
C va vector CB.
Goi:
’=AC: vector tir A d&én diém tac dung luc
F: lyc tai C theo huong C — B
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Momen cua lyc tai C quanh A 1a:
Mc=Ir"|-|F”|-sin(0)
Trong do:
Ir’|=d6 dai doan AB
0 : goc gitra vector r” va F~

Ta giai phuong trinh cdn bang momen:
IF7]-]AC”|-sin(0)=Ma=33.354
Biét rang AC = AB = 0.17 m, va goc gitta AB va huéng luc luén tiép tuyén véi
cung tron tam A ban kinh AB la 90°:
_33,354

=333%% _ 98,1 N = 10 kg

_

Hinh 6. 40 Xi lanh dién hanh trinh 7cm.

6.6 Tinh toan mét sé chi tiét khac.
6.6.1 Tinh chen chét lién két khung cat véi xilanh dién nang ha.

a) Luc tac dung lén cht.

Luc tac dung 1én chét chinh 1a Iyc kéo 16n nhét cta xylanh, ¢ phan trén ta tinh
duoc luc kéo 16n nhat trong truong hop nang bd cong. Luc nang F = 98,1 N . Luc tac
dung 1én chét s& 1am cho n6 bi dit hodc bi dap, vy ta tinh chon duong kinh chét theo
hai diéu kién nay.

Luc tac dung 1én chét s& 1am cho né bi dit hodc dap, vay ta tinh chon dudng kinh
chét theo hai diéu kién nay.

b) Tinh chon duong kinh chét.

Vit lidu lam chét 14 thép C45 co:

Gidi han bén: 0, = 600 MPa
Gi061 han chay: 0., = 340 MPa
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Chon hé sd an toan S= 4
Ung suit kéo cho phép: [6]=150 Mpa =15 N/mm?
Ung suat xoan cho phép: [7] = 60 +~ 90 MPa

Mt cdt the hién chot cia khung ui véi xi lanh nang b cong tac nhu sau:

T

AERA

nkEln

Hinh 6. 41 Mt cdt lién két chot gitka xilanh véi khung cat.

Theo diéu kién cat dit chot:

T
= =<
=<l
Voi:
[7] = 60 Mpa = 6 N/mm?
S,:dién tich chot
T=L=49N
Vay:
T _4_ 2
S > e 8,16 mm
mdi” 5 8,16
4
d,;=3.12 mm
Theo diéu kién bén dap:
T <
= 4.s [o]
V6i chiéu dai dién tich tiép xic ngan nhét lmin = 5 mm
d,> ——=-—2-=0.6 mm

[6]. Lmin _ 15.5

Viy dé thoéa man hai diéu kién trén ta chon dudng kinh chét = 6 mm dé co thé
lap v6i xilanh.

c) Chon bac I6t.

Bac 16t 1a mét chi tiét trung gian dung dé, d& va giam ma sat giita hai bd phan c6
chuyén dong tuong ddi, thuong 1a truc quay véi gbi da.
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Hinh 6. 42 Théng sé bac 16t

- Chon bac 16t 6*12*30 phu hop voi thiét ké.
6.6.2 Tinh chen chét lién két khung cdt véi khung xe.

a) Luc tac dung 1én chét.

Luc tac dung Ién chét chinh 1a luc doc khung cat, & phﬁn trén ta tinh duoc luc
va cham khi xe di chuyén voi van tbe 8km/h . Luc nang Fvacham = 900 N . Luc tac dung
1én chét s& 1am cho no bj dat hodc bi dap, vay ta tinh chon duong kinh chét theo hai
diéu kién nay.

Luyc tac dung 1én chdt s& 1am cho né bj dut hodc dap, vay ta tinh chon duong kinh
chét theo hai diéu kién nay.

b) Tinh chon duong kinh chét.

Vit liéu 1am chét 1a thép C45 co:

Gidi han bén: o, = 600 MPa
G161 han chay: o, = 340 MPa
Chon hé sb an toan S= 4
Ung suét kéo cho phép: [6]=150 Mpa =15 N/mm?
Ung suat xoan cho phép: [t] = 60 + 90 MPa
Mit cit thé hién chdt ciia khung ti v6i xi lanh ning bd cong tac nhu sau:
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Hinh 6. 43 Mt cdt lién két chot gitka Khung xe véi khung cat.

Theo diéu kién cét dut chét:

T
= =<
=g [7]
Véi:
[7] = 60 Mpa = 6 N/mm?
S:dién tich chét
T= g =450 N
Vay:
S> T _20_ 75 mm?
[t] 6
T[dzz S 75
4
d,= 9,77 mm
Theo diéu kién bén dap:
=4, [o]

V6i chiéu dai dién tich tiép xtc ngin nhat Imin = 5 mm
T 75

d, > = =1 mm
[6]. lmin 15.5

Vay dé thoa man hai diéu kién trén ta chon duong kinh chdt d= 15 mm dé co thé
lap véi xilanh.

c) Chon baclét

Bac 16t 1a mét chi tiét trung gian dung dé, d& va giam ma sat giira hai bd phan c6

chuyén dong tuong ddi, thuong 1a truc quay véi gbi da.
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Hinh 6. 44 Thong so bac lot.
- Chon bac 16t 16%¥20*20 phu hop véi thiét ké.
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Chuong 7 Thiét ké hé théng truyén dong banh xich cao su

7.1  Tinh toan thiét ké banh d# tai
7.1.I Téng quan vé banh dé tai.

Trong hé thdng banh xich cao su cia xe cit co diéu khién tir xa, banh d& dong
vai tro 14 cac diém chiju tai truc tiép tir than xe Xuéng mit dat. Viée tinh toan luc tac
dong 1én tirng banh 13 budc quan trong dé:

- Thiét ké truc banh va 6 bi phu hop

- Pam bao do bén, khong bi qua tai khi hoat dong

-~ Téi wu hoa trong luong va do bén cta két ciu treo
7.1.2 Thong sé ddu vao.

Duéi day 1a cac thong sé vat Iy va két cdu dugce st dung:

Khéi lugng xe: m = 70 (kg)

Gia toc trong trudong: g = 9.81 m/s?

Tong s6 banh d& tai: 8 banh (4 banh mdi bén)

Phan tich trudong hgp tinh (xe dung yén)
Trong diéu kién xe khong di chuyén, tai trong s& phan bb déu 1én 8 banh d&.
Tong trong luc duoc tinh bang:
mxg 70x9.81
F, = =
7 3 8 8\ ~
Vi gia thiét rang luc nay dugc chia déu, tai trong tac dung 1én moi banh la:

= 85.83 (N)

Khi xe dirng yén trén mat dat phang, mdi banh d& chiu khoang 85.83 N.
7.1.3 Phdn tich trwong hgp dong (xe vdn hanh qua dia hinh)

Trong thuc té, xe khong ludn van hanh trén mit phang hoan hao. Khi xe vuot go,
dia hinh nghiéng, hodc roi vao hé nho, tai trong c6 thé khong con phan bd déu nira.
7.1.4 Tinh huéng cuwe doan: mét banh chiu tdi lon hon

Gia sir toan b nira bén trong luong xe (tirc 13 50%) don vao 1 banh do vi tri
nghiéng hodc va cham:

F _mXxg 70x981
22 2
= DAy la gid tri curc dai ma mot banh don 1é co thé phdi chiu trong diéu

= 343.35 (N)

kién khac nghiét.
7.1.3 Thém tdi do va chgm
Khi xe chay va va vao vat can (g0, da, doc), sinh ra tai trong quan tinh do gia toc
dot ngot véi trong lwong ma banh dé tai phai do khi chia déu tai trong 1én 8 banh.
Gia sir gia toc va cham 1a: a = 6 m/s?
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Fouan tinn = m.a = % X 6 =525 (N)
= Khi cong thém vao lwc tinh, tong luc trén moi banh:
F =F; + Fyyan tinn = 85.84 + 52.5 = 138.34 (N)
Két luan:

Bang 7. 1 Luc tdc dong lén banh xe tung truong hop.

Truwong hop Luec tac dong trén mdi banh
Tinh (xe ding yén) ~85.85N

Dong thong thuong (va nhe) ~138.35 N

Dong cuc doan (1 banh chiu tai bén xe) ~343 N

7.2 Tinh toan thiét ké banh d& tai.
7.2.F Vatligu.
Trong hé théng di chuyén béng xich cao su, cac banh do chiu luc truc tiép tur than
Xe va truyén ma sat tu xich Xuéng mit dat. Do d6, vat liéu ché tao banh d& can dam béao
céc tiéu chi:
- Pu dd bén co hoc dé chiu tai trong tinh va dong
- Do mai mon thap khi tiép xutc véi xich cao su
- Pam bao d6 dan hdi hoic giam chan pht hop dé han ché rung dong
- Xe dugc xem xét c6 khéi lugng 70 kg, sir dung 8 banh d& chia déu 2 bén.
Tdc do toi da 1a 8 km/h va c6 thé chiu va cham véi gia tdc cuc dai 1én dén 6
m/s2.
Phan tich cac loai vat liéu phd bién:
- Kim loai: Thép, nhom, gang... la cac loai vat li¢u kim loai phé bién thuong
dugc dung lam banh d& tai trén cac phuong tién banh xich phd bién nhu xe
xuc 1at, xe co gidi phuc vu tai cac hAm mo quing, cic may phuc vu trong

nong nghiép hién dai hodc trong céc khi tai quan su.
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Hinh 7. 1 Bdnh dé tdi bang kim logi.
- Uu diém: Do bén cao, chiu dugc va dap manh, khong bién dang dudi tai 16n,
tiém ning cong nghé tot
- Nhuoc diém: Trong luong 16n, chi phi gia cong va bao tri thay méi cao, vt
li¢u cling, dé ma sat gay mon xich, hép thu luc kém, can hé théng treo co két
cAu giam chan phtc tap di kém.
Két luan: Phu hop véi cac xe c6 tai trong 16n, 1am viéc va dip manh trong thoi
gian dai hodc nhiing loai xe c6 kich thudc quéa nho...
- Nhuya k¥ thuat: PA6-GF, POM, PU, HDPE... l1a nhiing loai nhya dugc dung
kha phd bién trong céc linh vuc k¥ thuit, v6i cac dic tinh co 1y phu hop voi
nhiéu nganh k¥ thuét khac nhau v6i nhimg tng dung phd bién nhu: lam cac

chi tiét may trong cac may vdi yéu cau cach dién, bang vi mach, khuén mau

trong cac nganh cong nghiép ngoai ky thuat nhu dét may, da day....

Hinh 7. 2 Chi tiét bang vit liéu nhwa phé bién hién nay.
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- Ut diém: Khéi luong nhe, d& gia cong, gia thanh ré, dic biét phd bién, d&
tiép can. Mot s loai nhya dic biét con c6 cac dac tinh ndi bat nhu hé sd ma
sat thap, chdng an mon tdt.

- Nhuoc diém: Do bén khong cao, khong hép thu duogc luc va dap do tinh dan
hdi kém. Mon nhanh khi tiép xuc vé6i xich cao su, dic biét 1a xich c6 151 thép,
c6 thé bién dang, hu hong hodc vo dudi tai lau hodc nhiét cao

K&t luan: Phu hop véi nhitng robot c6 tai trong nhe, 1am viéc trong diéu kién
moi trrong nhiét dJ, dia hinh phu hop, it va ddp manh

- Cao su didc: Cao su ty nhién, cao su tong hop. .. Nhitng loai vét liéu rat pho bién
trong cudc séng hang ngay, dugc tng dung rong rii trong nhiéu linh vyc. Trong cong
nghiép, cao su dong vai trd quan trong trong nhiéu nganh cong nghiép véi cac tmg dung

quan trong trong cac nganh nhu giao thong van tai, y té, nong nghiép va ca nganh cong

nghé ché tao. ..

Hinh 7. 3 Vat liéu cao su.

~ Ut diém: Do dan hdi cao, kha nang hép thu lyc va dap tdt, hé s6 ma sat cao
han ché chuyén dong truot trong ddi giita banh d& va xich 1am giam hién
trong mai mon. Ngai cac dic tinh k§ thuat con c6 cac wu diém khac nhu van

hanh ém, khong giy tiéng dn, rung dong, gia thanh ré dé ché tao.
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- Nhuoc diém: Tudi tho khong cao, d& bién dbi co Iy tinh khi gip cac diéu kién
van hanh, méi trudng c6 dic tinh hoa hoc khong phu hop. Tinh 6n dinh kém
khi di chuyén véi toe do cao.

Két luan: La loai vat liéu phu hop véi robot banh xich c6 tai trong nhe, diéu kién
hoat dong c6 va dép, thich hop véi dia hinh gd ghé

Sau khi phan tich nhiéu loai vat liéu phé) bién trén nhiéu tiéu chi khac nhau, nhom
quyét dinh chon vt liéu cho banh d& 1a cao su dic két hop truc nhom dé tang d cung
vitng, cai thién do on dinh khi di chuyén téc do cao.

- DPac tinh vat liéu:

Do cimg: Khoang 1.3 - 1.5 (Mohs), chon 1.5 dé tinh toan
D6 bén kéo: 10 — 25 (Mpa), chon 20 (Mpa)
Module dan hdi: 1 — 10 (Mpa), chon 2 (Mpa)
+ Nhiét do 1am viéc: -30°C dén 70°C
7.2.2 Thiét ké banh dé.

Két cau banh d& dang dia, c6 16 dé lap 6 lin va go chin & gifta dé ddm bao vi tri

+ + +

twong doi gitra banh do va 6 lan.

Tinh toan do bén:

- Luc tac dong cuc dai: F,,,,, = 343 (N) / \

- Khoang cach 6 lan: [ = 18 (mm)

- bBuong kinh: D = 100 (mm)

Momen uén cta banh d& cao su:
Frax X1 343 x18

N
M = = = 1543 (— ==
4 4 (mm)

Momen quan tinh ctia banh d& cao su: \ ’

yia T
| =—(D*—d*) = —(100*% — 42%) = 4.74 x 10° 4
64( d*) 64( 00 ) 7 0° (mm*)

Ung suét udn banh d& tac dung 1én truc:
10M 10 x 1543 Hinh 7. 4 Banh do
0= = o106 3.25x 1073 (MPa) < [o] = 2
Nhu vay, banh do tai bang cao su thoa mén dicu kién bén.
7.3 Thiét ké truc banh dé tai
7.3.1 Thong sé ban dau:
Hiéu suat truyén dong tir xich cao su sang banh d& wdc lugng dya trén hé sé ma
sat: n = 0.75
Momen xoin: T; = 0.75 * 64000 = 48000 (Nmm)

Sb vong quay: n, = (MtehXCoien) _ 54x2220 _ 39 ¢ (vong /phit)

Chanh d& 2150
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Chiéu rong banh d&: b,, = 30 (mm)
7.3.2 Chen vit liéu.
Chon vat li¢u 1a nhém 6061T6, c6 cac thong s6:
- Gidi han bén: g, = 290 (MPa)
- Giéi han chay: o, = 240 (MPa)
- Ung suit xoin cho phép: [r] = 100 = 120 MPa chon so bd [14] =
100 (MPa)
Chon so bg duong kinh:

Duong kinh tinh toan so bo:

3| T, 348000
d, = = = 6.21 (mm)

0,2[tr] _ .|0,2.100

- Chon truc rdng bang nhém c¢6 D; = 20 (mm), d, = 12 (mm)
- Chiéu rong 6 lan: Xac dinh chiéu rong 6 lan theo SFK catalogue, chon b; =
12 (mm)
- Luec tac dung Ién truc: Luc tir banh rang con chu dong tac dung lén truc:
+ Luc nang cua nén dat:
F, =85.83 (N)
+ Luc va cham cuc dai: Ly truong hop xe va cham vai vat thé, luc tac dong
& goc: a = 45°
F, = 343.55 (N)
F,, = 343.55 X cos(45°) = 242.89 (N) = F,,
+ Luc quan tinh do va cham:
Fauan tinn = 52.5 (N)
Nhu vay, ta tinh dugc lyc tac dong 1én truc nhu sau:
Fy = Fox — Foyan tinn = 242.9 — 52.5 = 190.4 (N)
F, = F,, + F; = 242.9 + 85.83 = 328.73 (N)
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Fcuan trin

Hinh 7. 5 Phdn bé luc tic dung lén truc banh dé tdi.

7.3.3 Xidc dinh dwong Kinh truc:
- Xét mit phang yOz:

+ Phuong trinh can bang momen xoan

) F_L/‘F' tai 6 13n B:
- - - IMp =0 —Fgy X9+ F,;, 18 =0
/:r r ‘ S = Fprx9_32873x9 . .. -

18 18
I/; + Phuong trinh cin bang luc doc truc
“?f oy iy theo phuong Y:
YY=—Fy+Fgy+Fy =0
! - Foy = —Fgy + F4y = —328.73 + 164.365
S~ My N = 164.365 (N)
‘5.??‘* - - Xét mit phing xOz:

q.“ el + Phuong trinh can bang momen xoan
I.-_“aqEI B Pl (P ) tai 6 1511’1 B:
A ZMB:O(—)FBXX9+FAX*18:O

Fiy = = —-952 (N
N <A A ” AX 18 18 ( )
Hinh 7.6 Biéu do momen lyc + Phuong trinh c4n bang luc doc truc
truc banh do tai
theo phuong X:

XY=F;x + Fgy — Fcx =0
- Fey = —Fgy — F4y = —190.4 — (—95.2) = 95.2 (N)
Theo thuyét bén I:
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M, = \/sz + M,? + 0.75T?

Ta tinh duoc:
Msp = \/14792 + 8562 + 0.75 x 480002 = 41604 (Nmm)

Puong kinh cac doan truc:

¥ Mg _ 2 [41604
B lo1[e]  .]0,1.96
= 16.2 (mm) - Chondg = 20 (mm) = d, = d;

7.3.4 Kiém nghigm bén truc
Theo cong thire (10.19), (10.20), (10.21) [7]:

Sq:S+:

j
/SG].Z + 5.7

01
Sgi =

J chj Gaj + l~|J<r0-mj
Tq

Sp; =
b KagjTaj + WrT

Trong do:
s; hé 56 an toan tai tiét dién nguy hiém.
[s] 14 hé s6 an toan cho phép, thong thuong: [s] = 1.5 + 2.5
o_y, T_ la giéi han méi uén va xoan Gmg véi chu ky ddi xing,
0_; = 0.4360, = 126.5 (MPa)
T_, 1a giéi han moi xoan tng voi chu ky d6i xtmg,
T_; = 0.580_; = 63.2 (MPa)
O4aj» Tajs Omj» Tmj 12 bi€n d0 va tri s6 trung binh ctia (g sut phap va tng
suét tiép tai tiét dién j. Vi truc quay 1 chiéu, theo (10.22) va (10.23) [7]:

ij =0
M;
Gaj W]
T
W = = g

Trong do6:
W; va W,; la momen cdn uon va momen cin xodn tai tiét dién j cta truc. Dé lap

ghép cac chi tiét trén tryc, thong nhat thiét ké, va kiéu lap khe ho H8/Js7 dé lap céc chi
tiét lai v4i nhau. Dua theo két cdu truc trén hinh 7.1, hinh 7.2 va hinh 7.3, mat ct nguy

hiém trén truc : mit cat A, BvaC
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Badng 7. 2 Théng s6 momen ciia cdc vi tri nguy hiém truc banh dan hiréng.

o Chiéu sau . ,
L Puong kinh | Tiét dién . Momen uén | Momen xoan
Tict dién ranh then t;
truc (mm) b x h (mm?) W (mm3) | W, (mm?3)
(mm)
A 20 0 785.4 1570.8
B 20 0 785.4 1570.8
C 20 0 0 785.4 1570.8

Py, U, 12 hé s6 xét dén anh hudng cua ing suat trung binh dén do bén mai, theo
bang (10.7) [7], chon duoc
VY, =0.1; Y, = 0.05
Kodj» Keqj 1a hé s6, theo cong thire (10.25), (10.26) [7]:

(§—§+KX—1)

K .=
odj . Ky
(8—: + K- 1)
Kegy === (#2)
Trong do:
K, 13 hé sb tap trung Gng sudt do trang thai bé mit, theo bang (10.8) [7]
chon phuong phép tién:

R, =25+ 0.63 dugc K, =1.1
Ky 1a h¢ sO tang bén bé mit, theo bang (10.9) [7], chon phuong phéap tham
cacbon, chon duoc:
K, =18
€5, € 12 hé s6 kich thudc, chon trong bang (10.10).
K, K, 14 hé sb tip trung ung suat, theo bang (10.12) cit bang dao phay
ngdn, chon dugc
K, =2.01;K, = 1.388
Thay vao (4.2) va (4.1) 1ap dugc bang 7.3
Béng 7. 3 Thong s6 kich thudc truc banh d& tai.

DPuong Ko K+
Tiét | kinh & & R
dién truc Rianh | Khe | Rénh | Khe od S R B
(mm) | then ho then ho
A 20 - 2.06 - 164 | 0055|0055 | - | - | -
B 20 - 2.06 - 164 | 105 | 087 | - | - | -
C 20 - 2.06 - 164 | 0055|0055 | - | - | -
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7.3.5 Tinh toan thiét ké 6 lin

a) Chon loai 6 lan

Vi l;—: > 0.3 trén céc truc nén chon 6 bi d& — chin dé lép vao cac vi tri géi do
trén truc I va truc II, chon 6 bi d& mot day dé lép l1én truc II1.

Dbi véi hop giam tc, thuong chon cap chinh xac ché tao 6 lan 1a 0 tir d6, do dao
hudng tdm 1a 20 (um) [7].

Tir duong kinh ngdng truc va tai trong, chon 6 lin theo SKF Catalogue dé lap
vao cac gbi d& co théng sd nhur sau:

Bdng 7. 4 Théng s6 6 lan.

M4 san pham (SKF) | d (mm) | D (mm) | B(mm) | C(kN) | C, (kN)

6004 20 42 12 10 5
b} Kiém nghiém kha ning tai dong ciia 6
F, la tai trong huéng tdm 1én 6 (N). F, = \/FZ + FZ véi F,, F, 1a luc huong tam
tac dung 1én 6 theo phuong x va y. Thay vao tinh duoc:
F.a = V164.32 + 95.22 = 189.9 = F,. (N);
Tai trong dong quy wde: Theo cong thire (11.3) [7]: Q = (XVF, + YF,)kkg,trong

do:
Q 1a tai trong dong quy uodc (kN).
F., F, 1a tdi trong hudng tam va tai trong doc truc (kN).
X, Y la hé sb tai trong hudng tam va tai trong doc truc, Tra theo bang 11.4
[7].
V 14 hé s6 ké dén vong nao quay, véi vong trong quay V =1
K¢, k4 12 hé s6 nhiét 46 va hé s6 tai trong.
Vi nhiét do < 100°C, k, = 1. Theo bang 11.3 [7], v6i va dap trung binh, chon
ks = 1,8.
Thay vao 1ap duogc bang 7.5
Bang 7. 5 Bang tinh tdi trong quy udc.

Goi 4 e F, (kKN) F, X Y Q (kN)
(kN)
A 0.68 0.1899 0 1 0 0.34182

¢) Tai trong tuong duong
Theo cong thue (11.1), (11.3), (11.18) va (11.19), Tai trong dong va tai trong tinh

cua 0 lan duoc tinh nhu sau:
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- Tai trong dong cua 6 lan:
Q = (XVF, + YF,)KK4
- Tai trong tinh cua 6 lan:
Qt = X, Fr + Yo F,
- Kha nang tai dong:
c=0Q. VL
- Kha nang tai tinh:
Co = Qo- VL

- Thoi han st dung cta 6 lan:
VéiL = £0nln

106

60.381.6.10000
=l = 106

Trong do:
Q: 1a tai trong dong (kN).
Q, la tai trong tinh (kN).

= 228.96 (Triéu vong)

L: 1a thoi han (gid), ddi v6i banh d& L, = 10000 (gio)

n 14 s6 vong quay (vg/ph)
m 1 bac ctia dudng cong moi, v6i 6 bi m = 3.
Cq4 1a kha nang tai dong (kN).
Thay vao lap dugc bang 5.3.
X,: Hé s6 tai trong hudng tam, X, = 0.5
Yy: Hé s6 tai trong hudng truc, Y, = 0.37

Bdng 7. 6 Bang tinh kha nang tdi dong ciia 6 lan

G6ids | Q (kN)

Qo (kN) | Coy (kKN) | C (kN)

Coor (kN)

Co (KN)

A C 0.34812 0.09495 2.09 10

0.58

5

Thay dugc, C,; < C, Cpo; < Co => Thoa man diéu kién tai dong, tai tinh.

7.4  Tinh toan thiét ké banh dan hudng.
7.4.1 Dinh nghia:

Béanh dan hudng (ldler) 1a b phan khéng cha dong “diéu hudng” xich cao su
trén hé truyén dong banh xich. Trong cac ung dung nhu may xuc, robot dia hinh hay xe

chuyén dung, banh din huéng dong vai trd quan trong trong viéc dam bao do bén, do

&m, va hiéu suat truyén dong. Banh din huéng thuong duoc bd tri ¢ dau hodc cudi hé
khung chiu luc, dac biét phé bién trong cac hé théng nhu xe tir hanh, robot dia hinh, xe

banh xich, xe cong trinh.
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Hinh 7. 7 Bdnh dan hiéng.

7.4.2 Dic diém va cdu tao
a) Pic diém
Vit liéu:
- Than banh: thuong duoc gia cdng tur thép C45, 20Cr, hoac hop kim nhém
6061-T6 trong cac hé théng yéu cau trong luong nhe.
- Bé&mit tiép xtic xich: thuong dugc gia cong hoac 16t vat lidu chong mai mon
nhu cao su polyurethane (PU), hoac 16p phu chiu mai mon.
- Truc béanh dan: Thuong bang thép hop kim, dugc toi cirng va mai chinh xéc.
- 0 d5: O bi cau 2 day (double-row deep groove ball bearing) hoic vong bi
con dé chiu tai hudng tam va tai doc truc.
Kich thudéc co ban:
- Puong kinh ngoai banh: chon theo chiéu rong va bude xich. Vi du: xich
180 x 60 x 37 thuong dung banh D = 100 + 120 (mm).
- Truyc lap 6 bi: Thudng duoc lam bang kim loai dé ting d6 bén, do 6n dinh
cho hé théng
- Bé&rong banh: rong hon xich dé tranh léch xich.
b) Cau tao.
Béanh dan hudng thuong duoc lap vai truc ¢é dinh (hodc truc xuyén bu 18ng),
quay tu do nhd 6 bi.
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Truc banh dugc ga cb dinh 18n khung hoic hé théng treo thdng qua gdi da,
buléng hoac cum tang xich.

Céc phuong 4n ga bao gdm gé cimg, ga truot ¢6 10 X0, hodc co cdu vit didu chinh
dé tang xich.

7.4.3 Nhiém vu va chirc nang

Dan huéng: Banh din ¢ vai tro gitr xich khdng bi 1éch khéi hanh trinh thiét ké.
Néu khong c6 banh dan, xich d& bi truot khoi rdnh din hoic an khép sai vai banh chu
dong.

Cing xich: Duy tri lyc cang hop ly cho xich. Banh din thudng duogc lap vao co
c4u tang xich dé diéu chinh vj tri banh khi xich bi gi&n dai do mai mon trong qué trinh
lam viéc.

Hap thu va truyén lyc: Banh din chiu tai trong tir xich va truyén vao khung. Khi
phuong tién di chuyén trén dia hinh gb ghé, luc va dap sé truyén qua banh dan xudng 6
do va khung xe.

Tang tudi tho hé théng: Nho viéc dan hudng va cing xich ding k¥ thuat, banh
dan 1am giam mai mon khong déu, giam rung lic va ting do 6n dinh, tir d6 tang tudi tho
cho toan hé truyén dong.

7.4.4 Yéu cdu trong thiét ké banh d.

Phu hop kich thudc xich:

- Banh dan phai phu hop budc xich (ty 1& duong kinh ngoai so véi buac).

- Ré&nh dan phai tuong thich chiéu rong va do day xich.

Luc t&c dung 1én banh:

- Phai tinh duoc tai trong tinh va dong truyén qua banh dan.

- Tai trong tac dung gilp tinh toan chon vong bi va vat liéu.

Vat liéu va xur ly:

- Nhdm 6061-T6 dung cho truc nhe, can xir Iy anod hda cting dé ting do bén.

- Vat liéu phai phi hop véi diéu kién van hanh, yéu cau k¥ thuat va yéu cau

kinh té

Co céu cang xich:

- Phai c6 kha nang diéu chinh d& dang (vit chinh, 10 xo hoic hé tay don).
7.4.5 Tinh toan thiét ké banh ddn hwéng

a) Thong s6 dau vao.

bac tinh vat li¢u:

- P06 ctng: Khoang 1.3 - 1.5 (Mohs), chon 1.5 dé tinh toan

- Po bén kéo: 10 — 25 (Mpa), chon 20 (Mpa)

- Module dan hoi: 1 — 10 (Mpa), chon 2 (Mpa)
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- Nhiét d¢ lam viéc: -30°C dén 70°C
- DPuong kinh banh d6: D4z = 120 (mm)
- Hiéu suit truyén dong gitra xich cao su va banh d&:
b) Luc tac dong Ién banh dan huéng
Luc cang dai tinh Luc cang dai tinh (khi khong c6 tai trong hoac luc tac dong bén
ngoai, xe dung yén) chu yéu dé c6 thé dam bao dai khong bi chung khi ding yén, c6 thé
wdc tinh lye cing dai do chinh trong lwong cua phan dai duoc treo trén banh dan huéng
va banh dan dong.
C6 thé tinh lyc cing dai tinh theo cong thuc sau:

Laai 821.9
— X Maa X § =505

Fy = x 18 X 9.81 = 65.37 (N)

Caai
Trong do:
F4 = 65.37 (N): Luc cang dai tinh
lyi = 821.9 (mm): Chiéu dai phan dai treo tir puly dan hudng dén
puly dan dong.
Caqi = 2220 (mm): Chu vi dai xich cao su 180x60x37
Myq; = 18 (kg): Khdi luong dai
g = 9.81 (m/s?): Gia toc trong truong

F»\j

Fﬂw ) ‘ Far

Hinh 7. 8 Luc phdn bé cing dai tinh.

Luc cang dai dong: Luc cang dai dong la luc cang dai khi xe hoat dong va co tai
bén ngoai, thuong dugc tinh bang luc kéo 16n nhét tao ra bai banh dan dong
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Fea max = FEnax = 394 (N)
Véi két cAu 2 banh dan hudng 1 bén, ta tinh duoc lyc cing dai 16n nhat tac
dung Ién 1 banh dan huéng bing céng thirc sau:
chmax

394
Fog1 = > T T 197 (N)

Luc tac dong khi va cham
Dit gia thuyét khi xe va cham véi gia toc cd gia tri: a = 6 m/s?, ta c6 luc
quén tinh tac dong 1én banh dan huéng dugc tinh theo céng thic sau (1 banh va cham,
tai trong toan bo don vé 1 bén cua hé théng treo:
Fye =ma =70 X 6 = 420 (N)
Véi két cdu 2 banh dan hudng 1 bén, ta tinh duoc luc tac dung 16n nhat tac
dung 1én 1 banh din huéng bang céng thic sau:
Fpe 420
Fva=7=7=210(N)
Két luan: Cac lyc dung dé tinh toan thiét ké banh dan huéng:
Luc cang dai: F.4; = 197 (N)
Fog1x = Foq1 X cos(5°) = 197 X cos(5°) = 196.25(N)
Fea1y = Feqq X cos(45°) = 197 X cos(45°) = 139.3 (N)
Luc tac dung khi va cham: F,4 = 210 (N)
7.4.6 Tinh toan thiét ké banh ddn déng
a) Tinh toan d6 bén:
Luc tac dong cuc dai: F,q = 210 (N)
Khoang cach 6 lan: [ = 18 (mm)
buong kinh: D = 120 (mm)
b) Momen uén cia banh d& cao su:
Foax1 21018

4 4
¢) Momen quan tinh ctia banh d& cao su:

= 945 (N /mm)

I = 67T_4(D4 —d*) = %(1204 —42%) =1x 107 (mm*)
d) Ung suat uén banh d& tac dung Ién truc:
10M 10 X 945
T T Ix107
Nhu vay, banh do tai bang cao su thda man diéu kién bén.
7.4.7 Thiét ké truc banh ddn hweng
a) Thong sb ban dau:

=9.45x 107* (MPa) < [o] = 2
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Hiéu suat truyén dong tir xich cao su sang banh d& wéc lwong dua trén hé sé ma
sat: n = 0.75
Momen xoan:
T; = 0.75 * 64000 = 48000 (Nmm)
Sb vong quay:

(nxl’ch X Cxich) 54 x 2220
nl = —_

= = 318 (v¢ hit
Chanh & 21 * 60 (vong/phut)

Chiéu rong banh d: b,, = 25 (mm)
b} Chon vit li¢u.
Chon vt liéu 1a nhom 6061T6, c6 cac thong so:
Gi6i han bén: g, = 290 (MPa)
Gidi han chay: ., = 240 (MPa)
Ung suat xoan cho phép: [t] = 100 = 120 MPa chon so bo [t;] =
100 (MPa)
¢} Chon so bo duong kinh:

Puong kinh tinh toan so bo:

L _°| T _s|as000
1= 1020 = Joz100 ~ 621 (mm)

Chon truc rdng bang nhém co: D; = 20 (mm),d; = 12 (mm)

Chiéu rong 6 lan: Xéac dinh chiéu rong 6 lin theo SFK catalogue, Chon by =
12 (mm)

Nhu vay, ta tinh duoc luc tac dong Ién truc nhu sau:

d} Xac dinh duong kinh truc:
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Xét mat phang yOz:

TF' Phuong trinh can bang momen xon tai
/ 6 1an B:
b . SMp =06 Fgy X9+ F;, x18 =10
A .L/F' Fgy x9 1393 x9
FA- = - =g T T 18 69.65 (N)
F. Phuong trinh c4n bang lyc doc truc theo
phuong Y:

ZY= _FAY+FBY+FCY - O

§9.65 = Fey = —Fgy + Fpy = —139.9 + 69.5

o | @ = —69.65 (N)
Xét mat phang xOz:
¢ Phuong trinh cdn bang momen xoan tai
W | 626 6 13n B:
| My (N.mm) ZMB =0 FBX X 9 + FAX *18 =0

—Fgx X9 —169.25 X 9

o —
/0 |7 x(N) ~ Tax 18 18
4 7 = —98.125 (N)

| 98, 125

Mx (N.mm)

Phuong trinh can bang luc doc truc theo

phuong X:
Hinh 7. 9 Biéu d6 moomen binh YY=F;x+Fgy —Fx =0
dan huéng = Fey = —Fpy — Fyy
= —196.25 — (—=98.125) = —98.125 (N)
Theo thuyét bén I:

My = \[sz + M,* + 0.75T?

M5 = /6262 + 8652 + 0.75 x 480002 = 41582 (Nmm)

Puong kinh cac doan truc:

0| Mian _ 241582
B lo1[e]  .]0,1.96
= 16.3 (mm) —» Chondg = 20 (mm) =d, = d,

e) Kiém nghiém bén truc
Theo cbng thirc (10.19), (10.20), (10.21) [7]:
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So;St;

55 = = [S]
S
j j
01
So; =
Ks4j0aj + YsOm;
Tq
St; =

KrdjTaj + Wit
Trong do:
s; hé s an toan tai tiét dién nguy hiem.
[s] 12 hé s6 an toan cho phép, thong thuong: [s] = 1.5 + 2.5
o_1, T_, 12 giGi han moi ubn va xoan tng véi chu ky doi xang,
o_, = 04360, = 126.5 (MPa)
T_, la gii han moi xoan tng véi chu ky ddi xang,
T_; = 0.580_; = 63.2 (MPa)

Oaj Tajs Omj» Tm;j 1 bién do Va tri so trung binh cua ung suat phap va
rng suat tiép tai tiét dién j. Vi truc quay 1 chiéu, theo (10.22) va

(10.23) [7]:

Trong do:
W, va W,; la momen can udn va momen can xodn tai tiét dién j cua truc. Dé lap
ghép céc chi tiét trén truc, thong nhat thiét ké, va kiéu lap khe ho H8/Js7 dé lap céc chi
tiét lai v6i nhau. Dya theo két cau truc trén hinh 4.1, hinh 4.2 va hinh 4.3, mit cat nguy
hiém trén truc I: mat cat A, BvaC
Bdng 7. 7 Bang gid tri mOmen uén, Momen xodn ciia truc banh dan déng

2W,,

] o Chiéu sau . ,
. buong kinh Tict dién . Momen uon | Momen xoan
Tiet dién ranh then t,
trac (mm) | bxh (mm?) W (mm?3) W, (mm?3)
(mm)

A 20 0 0 785.4 1570.8

B 20 0 0 785.4 1570.8

C 20 0 0 785.4 1570.8
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Yy, P, 12 hé s6 xét dén anh huong cua ung suat trung binh dén d6 bén mai, theo bang
(10.7) [7], chon duoc

o = 0.1; Y, = 0.05
Koaj Kegj 12 hé 56, theo cong thirc (10.25), (10.26) [7]:

’ :(E—:+KX—1)
odj Ky
Ktk -1
thj=( 2 ny )(4-2)

Trong do:
K, 1a hé sb tap trung tng suat do trang thai bé mit, theo bang (10.8) [7]
chon phuong phap tién: R, = 2.5 = 0.63 duoc K, = 1.1
K, la h¢ s6 tang bén bé mat, theo bang (10.9) [7], chon phuong phap
tham cacbon, chon duoc:K, = 1.8
€5, € 12 hé sb kich thuéc, chon trong bang (10.10).
Ko, K, 12 hé s6 tap trung ang suat, theo bang (10.12) cit bang dao phay
ngon, chon duoc K, = 2.01; K, = 1.388
Thay vao (4.2) va (4.1) lap duogc bang 4.2
Bdng 7. 8 Kich thiedc truc banh dan dong

Duong Ks K.
Tiét | kinh & e N I
dien | truc | Ranh | Khe | Ranh | Khe | ~°¢ wd ° T
(mm) | then | ho | then | ho
A 20 - 2.06 - 1.64 | 0.055|0.055| - -
B 20 - 2.06 - 1.64 | 1.05 | 0.87 - -
C 20 - 2.06 - 1.64 | 0.055|0.055| - -

f) Tinh toan thiét ké 6 lan
Chon loai 6 lan

,- F A , A~ 2 Lt g~ o 29l N , . ;s Ke am
Voi F—a > (.3 trén cac truc nén chon 6 bi d& — chan dé lap vao céac vi tri goi do

trén truc | va truc 11, chon 6 bi d& mot day dé lap 1én tryc 111,

Déi véi hop giam toc, thuong chon cip chinh xac ché tao 6 1an 1a 0 tir d6, do dao
hudng tam la 20 (um) [7].

Tir duong kinh ngdng truc va tai trong, chon 6 lin theo SKF Catalogue dé lap
Vvao cac goi d& ¢ thdng s6 nhu sau

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
Nguyén Thanh Phiic 126




Bdng 7.9 Théng sé 6 lan cho bdanh dan huéng

Ma san pham (SKF)

d (mm)

D (mm)

B (mm)

C (kN)

Co (kN)

6004

20

42

12

10

i) Kiém nghiém kha nang tai dong cta 6
F, la tai trong huéng tam 18n 6 (N). F, = \/FZ + FZ v¢i Fy, Fy 1a luc huong tam
tac dung Ién 6 theo phuong x va y. Thay vao tinh dugc:
Foa = 1/98.1252 + 69.652 = 120.3 = F, (N);
Tai trong dong quy udc: Theo cong thuc (11.3) [7]:
Q = (XVF,; + YF,)kkq

Trong do:
Q la tai trong dong quy udc (KN).
F., F, la tai trong hudng tdm va tai trong doc truc (kN).
X, Y 1a hé sb tai trong hudng tdm va tai trong doc truc, Tra theo bang
11.4 [7].
V la hé sb ké dén vong nao quay, vai vong trong quay V = 1
k¢, k4 & hé s6 nhiét do va hé sé tai trong. Voi nhiét do < 100°C, k, =
1. Theo bang 11.3 [7], vé&i va dap trung binh, chon k4 = 1,8.
Thay vao lap dugc bang 7.2
Bang 7. 10 Bang tinh tdi trong quy voc.
Goi do e F. (kN) | F, (kN) X Y
A 0.68 0.1899 0 1
h) Tai trong twong duong
Theo cdng thac (11.1), (11.3), (11.18) va (11.19), Tai trong dong va tai trong

tinh cua 6 1an duoc tinh nhu sau:

Q (kN)
0.216

(@)

Tai trong dong cua 6 lan:
Q = (XVF, + YF,)K.K4
Tai trong tinh cta 0 lan:
Q¢ = XoFr + YoF,
Kha nang tai dong:
c=0Q. VL
Kha néng tai tinh:
Co = Qo- L

Thai han sir dung cua 6 lin:
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Ly

Trong do:
Q: la tai trong dong (kN).
Q, la tai trong tinh (kN).
L: 12 thoi han (gio), d6i voi banh d& L, = 10000 (gio)
n 1a s6 vong quay (vg/ph)
m 1 bac cua duong cong mai, vai 6 bi m = 3.
Cq la kha nang tai dong (KN).
Thay vao lap duoc bang 5.3.
X,: Hé sb tai trong hudéng tam, X, = 0.5
Y,: Hé sé tai trong huéng truc, Y, = 0.37
Bang 7. 11 Bdng tinh kha nang tai dong cia 6 lan.

~60.318.10000

60nLy,
106

VéiL =

=L, =

106

= 190.8 (Triéu vong)

Go1 do

Q (kN)

Qo (kN)

Cor (KN)

C (kN)

Coor (KN)

Co (KN)

A C

0.216

0.06

1.32

10

0.36

5

Thay duogc, Cy; < C, Cyoy < C, => Thoa man diéu kién tai dong, tai tinh.
7.5 Thiét ké hé thong banh din ddng trong truyén déng banh xich
7.5.1 Thong sé ddu vao.
Banh dan dong trong hé thong truyén dong banh xich duoc két ndi truc tiép véi

truc ra cta hop giam téc thong qua khép ndi.

Thong sb dau vao cua tryc:

Momen xoin: T = 19813 (N.mm)

Cong suat: P = 0.415 (KW)

S6 vong quay: n = 200 (vong /phut)

Luc kéo tbi da: E,,,,, = 197 (N)

S6 rang banh dan: z = 10 (ring)
7.5.2 Thiét ké banh ddn dgng.

Bénh xich c6 thong s6: 180x60x37 Vai:

Bé rong xich: B = 180 (mm)

Do dai budc xich: P = 60 (mm)

S6 rang cua banh xich: Z = 37(rdng)

Vi S6 rang 1a 10, goc chia ring ctia banh dan dong co thé tinh bang cong thirc

Sau:
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_360°_360_360
= z 10

buong kinh vong chia:
d,, = Psin(m.z) = 60 sin(m. 10) = 194
Goc luon dau rang c6 thé tinh gan dung bang cong thuc sau:

1
GrﬁnngXaxk

Véi k = 0.5 + 0.7: Hé sb bién dang ring, chon k = 0.6. Nhu vay, ta tinh dwoc

goc lugn dau ring gan dung:
1
Oring = 2 x 36 X 0.6 =10.8° chon 8 = 11°

V6i @6 day t,., = 20 (mm), ta c6 duong kinh dinh rang va duong kinh chan
rang duoc tinh gan ding bang cong thirc sau:

Amax = A + tyes = 194 + 20 = 214 (mm)
Amin = Ay — tyes = 194 — 20 = 174 (mm)

Pé dam bao chan riang cta banh dan va dinh rang cua xich cao su khéng bi mai
mon, chon d,,;, = 170 (mm) véi goc bo r = 8 (mm) dé dam bao su in khép gitra
banh xich cao su va banh dan duoc 6n dinh, kéo dai tudi tho chi tiét.

7.5.3 Thiét ké truc truyén déng banh ddn déng.

a) Thong sb ban dau:

Momen xoan: Ty = 19816 (Nmm)

Sb vong quay: n; = 200 (vong /phit)

b) Chon vat ligu:

Chon vit liéu 1a thép CT3. Cac thong sb:

Gi6i han bén: o, = 461 MPa

Gidi han chay: o, = 225 MPa

Ung suat xoan cho phép: [t] = 106 = 177 MPa chon so bd [t5] = 120

¢} Chon so b duong kinh:

Dudng kinh tinh ton so bd: dy = 3/023&] _ 3/;9811260 = 9.38 (mm)

Chon duong kinh truc d = 20 (mm) theo tiéu chuan véi hé sé an toan bang 2
d) Chiéu rong 6 lan:

Theo bang 10.2 chon b,; = 12 mm

g) Tinh toan phac thao kich thudc tryuc:

Vi

[ =180 (mm)
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l,; = 36 (mm): Khoang cach 2 6 lin
k, = 8 (mm): Khoang céch tir 6 lan dén nip 6
l,, = 20 (mm): Chiéu rong mayo banh dan dong
Len = (1,4 = 2,5)d; = 21 + 37.5 (mm); chon L,,,5, = 27(mm) : chiéu
dai mayo nira khép ndi truc dan hoi
l,, = 107 (mm): Khoang céch tir mép trong 6 1in dén mép ngoai cua khép
néi:
f) Luc tac dung Ién truc
Luc tac dung tir khép ndi truc dan hoi:

2T, 2 x 19816
Freng = 02F, = 02-—==02 X ————

5. =0 oo = 79264 (N)
Luc tac dung cua banh dan dong:
. 21, _2x19816 _ o
d, . 194
F,, = Fyy X % — 204 X i‘z ii(()))) — 74.25 (N)
¢} Xac dinh dwong kinh truc:
Xét mat phang yOz:

- Phuong trinh c4n bang momen xoan tai 6 lan B:
IM; =06 —F,y X364+ Fgy, X 18 =10

Fgy X 18 74.25x 18
7736 36
- Phuong trinh can bang luc doc truc theo phuong Y:

SY =F,y — Fgy + Foy = 0
> Fpy = Fgy — Fyy = 74.25 — 37.125 = 37.125(N)

Xét mat phang xOz:
- Phuong trinh c4n bang momen xoan tai 6 lan B:

IMy =0 —F,x X170 + Fgx X 156.5 — F4, X 143 =0

—Fpx X 156 + Fpp, X 143

170
—204 X 156 + 792.64 x 143

> Fax = 170
- Phuong trinh can bang lyc doc truc theo phuong X:
XX=—Fyx +Fgy —Fcx + Fjy =0

= Foy = Fyy — Fgy — Foy = 479.55 — 204 — 792.64 = 517.09 (N)

_)

= 37.125 (N)

—)FAX=

= 479.55 (N)
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Hinh 7. 10 Biéu d6 momen bdnh dan déng.

Theo thuyét bén 4: M,y = \/sz + M,* + 0.75M,°, ta tinh duoc:

M4, = /0.75 x 198162 = 17161 (Nmm)
M,45 = /5012 + 67172 + 0.75 x 198162 = 18435 (Nmm)
M,qc = /29972 + 0.75 X 198162 = 17420 (Nmm)

Map = \/02 + 1163342 + 0.75 x 19802 = 117592 (Nmm)
Puong kinh cac doan tryc:

d, = | Meaa _ 217161 13.9 (mm) - Chond, = 20
= = = . - =
M 01[0] 0163 mm ond, (mm)
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18436
\/ Te3 = = 14.3 (mm) - Chondg = 20 (mm)

J

| Meac _ 217420 ) oo (mm) - Chond, = 20
— — - =
0.1[0] _ ./01.63 mm on de (mm)

| Map _2|117592 (mm) - Chond, = 30
— — . - =
01[0] .| 0,163 mm on dp (mm)

h) Kiém nghiém truc
Kiém nghiém truc vé d6 bén moi theo cdng thire (10.19), (10.20), (10.21) [7]:

So:St;
5j = ———>[s]
Sg2+s

«/ %j TJ
01
Sg: =
J chjo-aj + l~|—’<70-mj
Tq

Sp, =
b KrgjTaj + Wi

Trong do:
sj h¢ so an toan tai tict di¢n nguy hiem.

[s] 1a hé s an toan cho phép, théng thuong: [s] = 1.5 + 2.5
o_1, T_ la gigi han moi udn va xoan tng véi chu ky ddi xang,

o_, = 0.4360, = 370.6 (MPa)
T_, la gigi han moi xoan tng véi chu ky ddi xang,

T_, = 0.580_, = 214.9 (MPa)
Gaj: Taji Omj» Tm; 12 bién d va tri sd trung binh cua tng suat phap va
g suat tiép tai tiét dién j. Vi truc quay 1 chiéu, theo (10.22) va
(10.23) [7]:

T = T =
0j

Trong d6: W; va W, la momen can uén va momen can xoan tai tiét dién j cua
truc. Pé lap ghép cac chi tiét trén truc, thdng nhat thiét ké, ding then bang va kiéu lap
khe ho h6 dé lap céc chi tiét banh rang va khop ndi trén céc truc, kiéu lap khe ho h6 dé
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Iip cac 6 lan. Dwa theo két cu truc trén hinh 4.1, hinh 4.2 va hinh 4.3, mit cét nguy
hiém trén tryc I: banh dai 12, 6 1an 10 va banh ring 13; truc II: banh ring 22, banh ring
23; truc I1I: banh riang 32, 6 1n 31 va khép ndi 33.
Theo bang (9.1a) két hop véi bang 10.6 [7], 1ap dugc bang 7.12.

Bdng 7. 12 Bdng théng sé hinh hoc ciia then va MOMeN cdn udn va can xodn cua truc

. DPuong kinh Tictdien | Chieu sau Momen uén | Momen xoin
Tict dign truc (mm) bxh rénh then t, W (mm?®) W, (mm?)
' (mm?) (mm) °
B 20 6 X6 3.5 642.5 1247.8
D 28 8 X7 4.5 569.2 1354.6

Y, Uy 1 hé s6 xét dén anh huong cua tng suat trung binh dén do bén moi, theo
bang (10.7) [7], chon dugc
W, = 0.1; Y, = 0.05
Kodj» Keqj 12 hé s6, theo cong thirc (10.25), (10.26) [7]:
(E—: + K- 1)
Ky
(& + K- 1)

€
KTd] = . K

Koqj =

(4.2)
y

Trong do:
K, 12 hé sd tap trung ang suét do trang thai bé mat, theo bang (10.8) [7]
chon phuong phap tién:
R, =25+ 0.63 dugc K, = 1.1
K, la h¢ s6 tang bén bé mat, theo bang (10.9) [7], chon phuong phap
tham cacbon, chon duoc:
K, = 1.8
€5 £ 1a hé s6 kich thudc, chon trong bang (10.10).
K., K, 12 hé s6 tap trung ung suat, theo bang (10.12) cat bang dao phay
ngén, chon duoc
K, = 2.01;K, = 1.388
Thay vao (4.2) va (4.1) lap duogc bang 4.2
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Bdng 7. 13 Bdang dnh hudng cia dwrong kinh dén hé sé an toan s

buong Ks K.
Tiét | kinh & e N
dien |truc |R&nh |Khe |Ré&nh |Khe od wd ° T

(mm) |then |ho then | ho
A 20 - 2.06 |- 1.64 |0.055 |0.055 | - - -
B 20 1.79 2.06 |1.47 164 |1.05 087 |11.19 |6.63 |1.36
C 20 - 2.06 |- 1.64 |0.055 |0.055 | - - -
D 28 1.79 2.06 |1.47 164 |1.055|087 |0.6 6.3 |1.08

Tur bang trén, ta thay duoc tat ca hé sé bén moi thoa man diéu kién cho phép.
7.3.4 Kiem nghié¢m bén then
Chon chiéu dai then: I = (0.8 <+ 0.9)1,,, V&i L,,,: chiéu dai mayo,

Theo day chiéu dai then tiéu chuan bang (9.1a) [7], chon duoc:
lya = (0.8 = 0.9),,1, = (0.8+0.9) x 20 = 16 + 18, chonly s =

18 (mm);

liip = (0.8 +0.9),,,5 = (0.8 +0.9) X 27 = 21.6 = 29.3, chonlyp =

28 (mm);

Theo cbng thire (9.1) va (9.2) [7]:

Trong do:

O4q

T

2T

= <
dh—t,) = Lo

=m

]

! < [t.] (4.3)

04, T la ing suat dap va tng suat cit caa then (MPa).
T 1a momen xoan trén truc (Nmm).
d 1a dwong kinh truc (mm).
I, b, h, t; 1a chiéu dai, chiéu rong, chiéu cao cua then va chiéu sau ranh
then (mm).

[04] & (ng suat dap (ng suat cit cho phép caa then (MPa), theo bang

(9.5) [7] vai tai va dap nhe, chon duoc [o4] = 100 (MPa).

[t.] la ang suat cat cho phép cua then, véi tai va dap nhe [t.] = 40 ... 60

(MPa).

Ta lap dugc bang 7.14
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Bdng 7. 14 Tinh kiém nghiém then trén 3 truc.

Tiét dién d 1, bxh t, T 04 T,
A 20 18 6x6 35 19816 55 36
D 28 28 8x7 4.5 19816 25 20
= Thdy tit cd then déu thda man diéu kién bén.

7.5.5 Chon 6 lan va néi truc:
a) Chon loai 6 lan.

,- F n , n 2 s ae o 2 4L N , L s e am
Vi F—a > (0.3 trén cac truc nén chon 6 bi d& — chan d¢ lap vao cac vi tri goi do
r

trén truc | va truc 11, chon 4 bi &5 mot day dé l1ap 18n tryc 111,

b} Chon cap chinh xac 6 lan.

D6 véi hop giam toc, thuong chon cap chinh xéac ché tao 6 1an 1a 0 tir d6, 4o dao
hudng tdm la 20 (um) [7].

¢) Chon kich thudc 6.

Tir duong kinh ngdng truc va tai trong, chon 6 lin theo SKF Catalogue dé lap
Va0 cac goi dd ¢ thdng s6 nhu sau

Bdng 7. 15 Théng sé 6 lan.

M4 san pham i 5 5 C Co
(SKF) (mm) | D (mm) | B(mm) |\, (kN)
6004 20 42 12 10 5

d) Kiém nghiém kha ning tai dong cua o.
Tinh phan lyc cua 6.
F, Ia tai trong hudng tam 18n 6 (N)

Fr = /F§ + F2

Véi Fy, Fy la luc huéng tam tac dung I1én 6 theo phuong x va y. Thay vao tinh
duoc:

Foy4 =+/517.12 + 37.1252 = 518.4 (N);
Frip = V479.5%2 + 37.1252 = 480.9 (N);
e) Tinh tai trong dong quy udc.
Theo cong thuc (11.3) [7]:
Q = (XVF, + YF,)k.k4

Trong do:
Q la tai trong dong quy uadc (KN).

F., F, la tai trong hudng tdm va tai trong doc truc (kN).
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X, Y 1a hé sé tai trong hudng tdm va tai trong doc truc, Tra theo bang
11.4[7].

V 1a hé s6 ké dén vong nao quay, vai vong trong quay V = 1

ke, kq 12 hé s6 nhiét do va hé sé tai trong. Vi nhiét do < 100°C, k, =
1. Theo bang 11.3 [7], v6i va dap trung binh, chon k4 = 1,8.

Thay vao lap duoc bang sau:

Bang 7. 16 Bang tinh tdi trong quy woc.

Goi do e F, (KN) F, (kN) X Y Q (kN)
A 0.68 0.5184 0 1 0 0.9331
D 0.68 0.4809 0 1 0 0.8656

f) Tinh tai trong tuong duong.
Theo cong thuc (11.1), (11.3), (11.18) va (11.19), Tai trong dong va tai trong tinh

cua 6 lan duoc tinh nhu sau:

Tai trong dong caa 6 lan:

Q = (XVF; + YF)KK4

Tai trong tinh cua 6 lan:

Q¢ = XoFr + Y, F,

Kha nang tai dong:

c=0."VL

Kha nang tai tinh:

Cono.nVZ

Thai han sir dung cua 6 lin:

L. 60nLy,

Véi L = 106

60.200.10000
b=

= 1200 (Triéu vong)

Trong do:

Q: la tai trong dong (kN).

Qo la tai trong tinh (kN).

L: 14 thoi han (gio), d6i vai hop giam toc L, = 10000 (gio)
n la s6 vong quay (vg/ph)

m la bac cua duong cong moi, vai 6 bim = 3.

Cq la kha nang tai dong (KN).

Thay vao lap duoc bang 5.3.
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X,: Hé sé tai trong hudéng tam, X, = 0.5
Y,: Hé sé tai trong hudng truc, ¥, = 0.37
Bdng 7. 17 Bang tinh kha ndng tdi trong dong ciia 6 ldn.

Goidd | Q(kN) | Qo (kN) | Co (kN) | C(KN) | Coor (kN) | Co (KN)
1B 0.9331 02592 |9.91 10 2.75 5
1D 0.8656 0.3048 |92 10 3.2 5

Thay dugc, C,; < C, Cyoy < C, => Thoa man diéu kién tai dong, tai tinh.

7.6  Tinh toan thiét ké co cAu ciing dai.
7.6.1 Téng quan Vé co cdu cing dai

a) Khai niém va chtrc nang.

Co ciu cing dai (hay con goi 1a bd cing xich) 1a mot bo phan co khi duge thiét
ké dé duy tri d¢ cang thich hop cho xich cao su trén xe banh xich. Pai xich cao su 1a bo
phan tiép xuc truc tiép voi mat dat va truyén dong giita banh din dong va cac banh dan
hudng, do do6 viéc cang dai dung cach gitp:

- Pam bao xich khong bi truot, 16ng hodc bung ra trong qua trinh di chuyén.
- Giam mai mon khéng déu va tang tudi tho xich.

- Tang hiéu suét truyén dong va d6 6n dinh khi van hanh.

Hinh 7. 11 Co cdu cang dai.

b} Céc dang co ciu cang xich phd bién.
Co cau cing xich bang 16 xo (kiéu co khi).

_ Chu tao:

+ Banh cang: bat ¢ dau cudi phia trudc xich, duogc gén trén mot truc o thé

truot trén ray hodc bé.
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+

Lo xo nén: Dit phia sau truc truot, tao luc diy banh cing ra phia trude.

Cum khung din huéng: Giit cho truc chuyén dong dung hudng.

+

Nguyén ly hoat dong:

+ Lo xo ludn tao mot lyc day nhat dinh 1én banh cing — banh cing day xich
dé giir d6 cang.

+  Khi xich dan ra do mai mon, luc cing tir 106 xo gitip banh cing tw dong day
ra thém.

+  Khi bao tri, c6 thé thio nhanh va thay 10 xo d& dang.

Uu diém:

+ Céhutao don gian, dé ché tao va lép dat.
+  Chi phi thip, pht hop véi robot, xe nho.

Nhuoc diém

Luc cang khong 6n dinh néu 10 xo yéu hodc méi theo thoi gian.

Khéng diéu chinh chinh xac duoc trong cac diéu kién tai thay doi.

- Ung dung

+  Xe robot mini, xe trinh sat, mdy nong nghiép nho, xe banh xich diéu khién
tur xa.

Hinh 7. 12 Co cdu cing xich bang [6 x0.

Co céu cang xich bang vit (dang tha cong).
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Tensioner Schematic

Hinh 7. 13 Co cdu céing xich bang cum dai vit thii cong.

- Céu tao:

+ Truc banh cang: Gén v&i mot thanh ren/vit me.

+  Cum vit va dai ¢ diéu chinh: Thay di vi tri banh cing bang cach xoay vit.

+  C6 thé di kém buldng khoa sau khi diéu chinh.

Nguyén 1y hoat dong

+  Khi xich bi chung, k¥ thuat vién dung cdlé xoay vit dé ddy banh cing ra —
cang xich.

+  Sau d6 khoa buléng dé cb dinh vi tri.

- Uudiém

+  Cang xich chinh xéc.

+  Khong phu thudc vao luc 10 xo.

+ D& san xuat va diéu chinh khi bao tri.

- Nhuoc diém

+ Khéng ty dong diéu chinh theo d6 mai mon xich.

+  Tbn thoi gian diéu chinh thi cong.

+ Néu khong siét chat ky — d& bj tudt.

- Ung dung

+  Xe nong nghiép vira va nho, robot can d6 chinh x4c truyén dong cao.

Co cu cang xich bang thuy luc (xilanh thuy luc)
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Hinh 7. 14 Co cdu cing xich bang thuy lyc..

- Chutao

+  Banh cing: Gan vao pit-tong cia xilanh thuy lyc.

+  Xilanh: Co thé dugc diéu khién bang bom tay hoic hé théng thiy luc trung
tam.

+ Van an toan va ong dan thuy lyc.

- Nguyén Iy hoat dong
Khi can cing xich, xilanh thay lyc duoc cip ap suit dé day banh cing ra.
Ap suét bén trong xilanh dugc duy tri — lyc cang on dinh, tu diéu chinh khi
xich dan.

+  Co thé xa ap khi can bao tri.

- Uudiém

Tu dong diéu chinh d6 cang, rat phu hop véi hé théng van hanh lién tuc.

Luc cang manh, on dinh, dang tin cay.

+ + o+

D@ diéu khién trong hé thong tu dong.

- Nhuoc diém

Gia thanh cao.

Yéu cau bao tri dinh ky (ro ri dau, hu phét...).

+ + o+

Phuy thudc vao hé théng thuy luc chung.
- Ung dung
+ Xe cong trinh c& 16n, xe quan sy, robot van chuyén nang, robot ctru ho
chuyén dyng.
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Co cu cang xich ban tw dong (10 xo vit diéu chinh)

Hinh 7. 15 Co cdu cdng xich bang 16 xo vit diéu chinh..

Cau tao

+  Banh cang lap trén truc co thé dich chuyén.

+  Truc nay duogc giit ¢6 dinh boi vit me didu chinh ban dau va 1o xo duy tri
luc.

Nguyén ly hoat dong

Khi lip rap, dung vit me dé diéu chinh vi tri banh cing ban dau.

+

+  Sau do, 10 xo s€ duy tri mot luc cang 6n dinh trong pham vi nho khi xich
dan ra.
Uu dié,m ‘
+  Két hop dugc tinh chinh xac (vit) va tinh dan héi (16 xo).
+ Khong can hé thong thuy luc.
- Nhuoc diém
+  Khong tu dong hoan toan.
+  Luc cang gi61 han do phu thudc vao 16 xo.
- Ung dung
+ Xe tai nho banh xich, robot c6 tai trong trung binh.
= Sau khi phan tich cdc diéu kién, yéu cau ky thudt thiét ké, ché tao, yéu
cdu bdo tri va cdc vin dé khdc nhw chi phi, dj phirc tap, khoi lwrong ciia cum
cang dai, nhom quyét dinh chon thiét ké co ciu cang dai dang
7.6.2 Tinh chon 1o xo dy.
a) Cac thong so ky thuat can thiét cua 10 xo.
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Lo xo day duoc gin trong cum cing dai, lap phia sau banh din huéng va phia
trong hé khung treo. Vi vy, thong s cua 10 xo duge chon sao cho phi hop v6i hé thong
treo tong thé va dat hiéu qua tdt trong viéc cing dai.

Céc thong sé dau vao nhu sau:

Luc day tdi thiéu: F,;, = Foqq = 197 (N)

buong kinh ngoai cua 10 xo: D = 30 (mm)

buong kinh trong: d = 16 (mm)

Hanh trinh lam viéc: f = 50 (mm)

Tong chiéu dai ty do: L = 80 (mm)

Chiéu day day thép: t < 2 (mm),chon t = 2 (mm)
S6 vong tong cong: n = 13 (vong)

Vit liéu: Thép 10 x0 65Mn c¢6 cac thong sé nhu sau:

Thanh phan hoéa hoc:

Bdng 7. 18 Bdng thanh phan héa hoc vt liéu.

Thanh phiin hia hoc cin thép 65Mn (%)

Tiéu chuiin M thép
C Si Mmn P 5 Cr MNi Cu

GBT 1222 SN 0,620,700 174037 (L9010 (RN 0,00 0,25 035 .25

Tinh chit co hoc:

Bang 7. 19 Bang tinh chdt co hoc vit liéu.

Tinh chiit cor hoe caa thép 65Mn

Tiéu chuiin Mic thép g
g oo " . a s Sug at 45
Ty trong Do bén kéo Gidi han chay | Do dan dai ¥ L:‘: ™ Dé cimyg Brinell!

‘ GB'T 1222 65Mn 7.85gcm3 . QROMPa 783MPa 8.0% ’ 3004 302 HBW
b} Tinh toan cac thong sb hinh hoc khac
Puong kinh trung binh cua 10 xo:
D — D+d 30+16
th =", T 5
Budce 10 xo trung binh:

= 23 (mm)

L 80
p=E=E=615(mm)
Ty s6 D/t dé tinh hé s6 hiéu chinh:
D 23
? == 7 - 115

D0 rong cua day thép 16 xo:
D—-d 30-16

b= =
2 2

=7 (mm)
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) Tinh d6 ctrng 10 xo
Do cimg 10 xo c6 thé tinh bang cong thirc sau:
F 197

7—E= 394N/mm

d) Kiém tra bén lo xo.

Momen xoan trén day 10 xo:

F XDy 197 X 23
T2 T2
Ung suét cit 16n nhat:
6M, 6 X 2265.5
fmax =X b2 T 2 x 42

= Tmax = 138.7 < [1] = 783 (MPa): Du bén

= 2265.5 (N.mm)

= 138.7 (MPq)

Hinh 7. 16 L0 xo
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Chuwong 8 Tinh toan thiét ké hé théng khung han thép tdm cho hé
théng treo.

8.1 Téng quan.
8.1.1 Khai nigm vé hg théng khung trong truyén déng banh xich.

Khai niém vé két cau khung trong co cu banh xich, khung 1a két ciu chiu luc
chinh, lién két cac bd phan cia hé thong truyén dong banh xich nhu truc banh dan, banh
dd tai, giam chan, goi do 6 bi va truyén luc dén than xe hoac robot. Khung dam bao
phan phoi tai trong, chiu dugc cac luc va dap tir dia hinh, trong lugng ban than va tai
trong lam viéc.

2 /7///7// /'7“/ /

4‘-1 - -——“ —J‘ el

9 A& TN

Hinh 8. 1 Hé thong khung treo trong truyén dong bdanh xich.

8.1.2 Vai tro ciia khung hé théng treo:

Chiu tai trong tir hé truyén dong va banh xich.

La nén tang gin cac co ciu chuyén dong nhu giam chén, gia dd, truc.

Anh huong tryc tiép dén d6 bén, 6 On dinh va tinh nang lam vi¢c cua hé théng
treo.

La phﬁn két ciu chiu va dap, rung dong lién tuc => doi hoi do bén moéi cao.
8.1.3 CA&c logi khung cia hé théng treo phé bién.

a) Khung 6ng thép (két cau dang 6ng han)
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Khung 6ng thép 1a mot trong nhitng lya chon phd bién nhd tinh co dong va kha
ning chiu xodn tt. Loai khung nay thuong duoc ché tao tir cac doan 6ng thép tron hodc
vudng (thuong 1a dng thép tron @21 — ®48 mm), duogc cit va han theo hinh dang khong
gian tuy bién.

Uu diém ctia khung 6ng thép 1a c6 ty 1& d6 ctng trén khéi luong tét, d& udn cong
theo duong cong 3D, thich hop cho nhitng thiét ké khung yéu cau sy linh hoat vé hinh
hoc. Két cdu dng c6 kha ning chdng xodn va chiu rung dong t6t hon so véi khung han
bang thép tim nho bé mat tron déu, phan b tng suat dong déu.

Tuy nhién, diém yéu cta khung 6ng thép 1 khoé tich hop céc chi tiét can mat
phéng chinh x4c nhu 6 bi, géi dd, mat bich, dac biét trong cac hé théng can bat vit hoac

g4 mit phiang. Ngoai ra, cac vi tri ni bang han néu khong duoc xir Iy tdt co thé gay léch

tam hodc sai soO lap rap.

Hinh 8. 2 Két cdu khung dang éng.

b) Khung thép hop (thép hop vuong)

Thép hop vudng hodc chir nhat 13 loai két ciu khung kha phd bién trong thiét bi
cong nghiép va may moc co khi. Uu diém ndi bat cta thép hop 1a dé thi cong, dé lap
ghép bang phuong phap han, cho phép tao cac mit tiép xtic vuéng goc vai do chinh xéac
cao.

Khung thép hop cung cip kha ning chiu luc t6t nho cac tiét dién khép kin, chng
cong va chéng xodn hiéu qua. Viée bo tri bulong, ban 18, hodc cac géi da rat dé thuc

hién do bé mit phang.
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Tuy nhién, khéi lvong ctia khung thép hop thudng 16n hon cac loai két cAu nhe
nhu nhém hodc khung tim. Viéc gia ¢d hodc stra chita khung thép hodp ciing phirc tap

hon vi thudng phai thao bo ca doan khung thay vi chi mot tim hodc chi tiét.

Hinh 8. 3 Khung thép hop,

¢) Khung han thép tim

Khung han tir thép tam (dang ban phang) 1a loai két cau duoc sir dung rong rai
trong cac hé thong can do chinh xéac cao vé vi tri lap dat va co yéu cau chiu tai tap trung
16n. Loai khung nay dugc gia cong tir cac tdm thép CT3, SS400 hoic thép két cau
S235JR ¢6 do day tir 3 dén 10 mm, dugc cit bang laser hodc plasma CNC va han thanh
cum.

Uu diém 16n ctia khung thép tdm 1a cho phép thiét ké linh hoat vé hinh dang,
thuan tién tich hop gan ctg, mat bich, 1 1ap 6 bi, v.v. Ngoai ra, v4i phuong phap gia
cong CNC, sai s6 vi tri duoc giam tdi thiéu, ting do chinh xéac lap ghép. Dang khung
nay ciing dé dang kiém tra va sira chita méi han khi can.

Tuy nhién, nhugc diém cta khung han thép tAm 1a khdi luong kha 16n néu khong
t61 wu vé két cAu rong. Qua trinh han néu khong kiém soat tt co thé gdy bién dang nhiét,
anh hudéng dén d6 chinh xac hinh hoc tong thé. Ngoai ra, chi phi ché tao s& cao hon néu

can xu ly bé mat hoac ma chong an mon.
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Hinh 8. 4 Khung thép tam.

d) Khung nhom (tim hodc hop nhom)

Véi cac yéu cau vé trong lugng nhe va kha nang chéng an mon tot, khung nhom
— dic biét 1a nhom tim 6061-T6 hodc 5083 — 1a Iwa chon wu tién cho cac robot di dong,
UAV mat dat hodc thiét bi chuyén dung. Khung nhém co6 thé ché tao tir cac tdm cét
CNC, ghép lai bang bulong hoic han TIG.

Khung nhém c6 wu diém 13 nhe, dé tao hinh va khong bi gi trong méi trudng am.
Kha ning gia cong chinh xac cia nhom rat cao, phit hop véi cac hé thong can do tinh
x40 va thao lap dé dang. Tuy nhién, nhuoc diém cia nhom 1a do cing va kha nang chiu
tai kém hon so v6i thép, dé bién dang hodc mon néu phai lam viéc trong méi trudng co
tai trong va dap 16n, phu hop véi nhimg mé hinh nho, chiu tai thap.

Ngoai ra, han nhom doi hoi thiét bi chuyén dung (TIG hodc MIG) va tay nghé

cao, néu khong s€ dé xdy ra nirt hodc két dinh kém & cac méi1 han.

ﬁs Linh Kicn

W1t — b bt o .

Hinh 8. 5 Khung xe lam bang nhém.
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g} Khung vat liéu composite (carbon fiber...)

Trong cac thiét ké cao cp nhu UAV, xe dua téc d6 cao hodc robot do dudng siéu
nhe, khung composite (dac biét 1a sgi carbon) dugc ua chuong nho trong luong si€u nhe,
d6 bén kéo rat cao va hip thu rung dong tdt. Composite con c6 tinh ning chéng in mon
vé 6n dinh héa hoc tuyét voi.

Tuy nhién, khung composite c6 gia thanh rat cao, khé gia cong (doi hoi khuén,
ép nhiét) va gan nhu khong thé sira chita néu bi nirt giy. Diéu nay khién loai khung nay

khong phit hop véi hé thdng chiu va dap dia hinh hodc yéu cau bao tri linh hoat.

Hinh 8. 6 Khung vt liéu composite.

= Két luin: méi loai két cau khung déu cé dic diém phu hop véi mét s6
nhom wng dung cu thé. Trong khuén kho dé an nay, viéc lwa chon két ciu khung
han thép tim cho hé thong treo két hop voi khung thép hop 50x25x1.4 cho
khung than chinh ctia xe la hop Iy vi no ddp tkng tét yéu cdu chiu tdi trong trung
binh, dé thi céng, linh hoat trong thiét ké va l1ip ghép chinh xdc cdc chi tiét co
khi nhw 6 bi, goi do, cum gidm chdn, cum cang dai...
8.1.4 Uu diém ciia khung han thép tém cia hé théng treo két hop khung thép hgp
cho than xe trong #ng dung theec té:
C6 thé thiét ké hinh hoc theo yéu cau, lap ghép chinh xac véi cac chi tiét nhu 6
bi, truc, cum treo.
Gia cong bang cong nghé CNC phd bién (cit plasma, laser, uén) — tiét kiém chi
phi, rat ngan thoi gian.
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Két cdu han ting do ctng tong thé, d& gia cb thém gan ting cing & nhitng vi tri
chiu lyc 16n.

Moi han c6 thé kiém tra, stra chira hoidc gia c6 nhanh chéng.

Khung thép hop cho than xe c6 thé chiu lic tdt, d& két hop véi hé khung thép tAm
clia treo bang nhiéu phuwong phap nhu han, bét bulog, dat hiéu qua cao véi chi phi ché
tao ré

- Phu hop véi hé thong tai trong vira dén 16n, khong yéu ciu di chuyén véi
tdc do cao.
8.2 Thiét ké hé khung cho hé théng treo.
§.2.1 Céc thong sé dau vao.
a) Thong sb xe.
Trong lugng robot: m = 70 (kg)
Vian tdc ti da: v, = 8 (km/h) = 2.22 (m/s)
Chiéu dai phan dai tiép xUc véi mat dat: L = 600 (mm)
Luc va dap 16n nhat: F,q4 = 210 (N)
- Luc kéo 16n nhat: E,,,,, = 397 (N)
- S banh d& tai: ng, = 8

- S6 banh dan huéng: ng), = 4

- S6 banh dan dong: ngq = 2
- Khoang céch gitra cac banh d& tai: [ = 200 (mm)
b) Thong sb treo.
Xe co2hé théng treo cirng doc 1ap cho 2 bén banh xich, mdi hé théng treo co:
- 4 banh d6: D4z = 100 (mm)
- 2 banh dan hudéng phia trudc: Dy, = 120 (mm)
-1 banh dan dong c6 duong kinh: d,,;,, = 170 (mm)
¢) Vatlicu.
Hé théng khung han thép tAm dugc 1am tir vat liéu 1a thép CT3 ¢6 thanh phan hoa
hoc va co tinh nhu sau:
Bang 8. 1 Bang thanh phan héa hoc va co tinh thép CT3.

Mac thép Thanh phan hoa hoc
C Si Mn P(max) S(max)

Cl3 0.14 012 0.30 .40 0.en 0.45 .4F
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Thép | Gid1 han chay( min) | Gidi han bén kéo Do gidin dai (min)

CT3 (N/mm2) (N/'mm2) (%)

225 373 - 461 22

8.2.2 Tinh toan thiét ké h¢ théng khung treo.
a) Thong s ban dau.
Chiéu dai phan tiép xtc véi mat dat: I = 600 (mm)
Goc nang dai tir banh d& tai du tién 1én banh din hudng: 6, = 45°
Goc nang dai tir banh d& tai cudi cung 1én banh din hudng: 8, = 50°
S6 banh d& tai ciia 1 bén treo: nyg, = 4
Duong kinh banh d6 tai: Dy, = 100 (imm)
Puong kinh banh dan huéng: Dy, = 120 (mm)
Puong kinh trong cua banh dan dong: Dyq = 170 (mm)
Thong sb xich cao su: B = 180 (mm), P = 60 (mm), Z = 37 (Ring)
b) Kiém nghiém bén khung.

<t

——ae -

-

Hinh 8. 7 Ung sudt mé phong ciia hé thong treo khung han thép tam
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Hinh 8. 8 Chuyén vi ciia khung treo.
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Hinh 8. 9 Bién dang ciia khung treo
¢) Tinh toan kiém nghiém bén khung chinh than xe.
.
g
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Hinh 8. 10 Ung sudt khung chinh ciia xe
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Hinh 8. 11 Bién dang khung thin chinh ciia xe.

P e e

=> H¢ thong khung dam bio d bén
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Chwong 9 Tinh toan thiét ké hé théng lam mét cho xe

9.1 Tinh todn nhiét phat sinh.
a) Nhiét tr dong co di¢n.
Dua vao hiéu suét trung binh cta dong co dién l1a n = 0.85, ta c6 thé tinh duogc
cong suit hao phi ciia dong co s& chuyén thanh nhiét:
Q4c = P4. X (1 —0.85) = 600 x (1 —0.85) =180 (W)
b) Nhiét tr pin Lithium 24V, 50Ah
Dua vao cac théng s6 phd bién cua cac loai pin lithium trén thi truong nhu
CATL, Samsung..., ta ¢c6 dong xa cuc dai cua pin dung cho xe la I = 30 (A4), ndi tro
ctia mdi vién pin 1a R =~ 0.1 (), ta tinh dugc cong suat hao phi sé& chuyén thanh nhiét
cua pin nhu sau:
Qpin = I*.R = 302.0.1 = 90 (W)
Téng cong suat hao phi cia cac linh kién dién tir s& chuyén hoa thanh nhiét:
Qo = Qac + Qpin = 180+ 90 = 270 (W)
9.2 Tinh toan tan nhiét.
Gia sir hé thong 1am mat 14 dang ddi luu cudng birc bang quat, stt dung cong
thirc:
Qo = h.A.AT
V6i:Q, = 270 (W)
h =30 + 100 (W /m?.K): Hé s6 trao doi nhiét ddi luu cudng birc, gi sir
dung quat gi6 hi€u qua, chon h = 50
AT = Ty — Ty = 70 — 35 = 35 (°C)
Dién tich tiét dién cua cira hiit va cira xa duogc tinh bang cong thirc sau:
A Qo _ 270
h x AT 50 x 35
Do @6, héc hat gié duoc thiét ké voi dién tich mat cat ngang téi thiéu: A =
0.15 (m?)
9.3 Thiét ké héc hat gio.
Dua trén thong s kich thudc co so ciia xe, bd tri cira hut hiit va cira xa ¢ 2 bén
than xe.

= 0.15 (m?)

Dua theo tiéu chuin 1am méat dién tir va dong co. Luu luong gid can thiét dé lam

mat duogc tinh nhu sau:
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o @ 270
AT XpXc, 50x1.2x1005

Trong do:
p = 1.2 (kg/m"3): Mat do khong khi

¢, = 1005 (é K ): Nhi¢t dung riéng cua khong khi

= 0.0063 (m3/s) = 13.3 (CFM)

1 (CFM) = 0.000472 (m3/s): Vi CFM (Cubic Feed per Minute) 1a don
vi do luu lugng gio
Tu luu lugng giod vua tinh duge, ta co thé tinh chon dong co voi cac thong sb
nhu sau, gia str chon quat c6 duong kinh canh Dy = 80(mm):
L=kxD}xN
Trong do:
L = 13.3 (CFM): Luu lugng gi6 tbi thiéu dé lam mat.
k = 0.1 + 0.2: Hé s6 thuc nghiém
N (vong/phit): S6 vong quay can thiét ciia quat tan nhiét
D} = 80 (mm) = 0.08 (m): Buong kinh quat lam mat

Suy ra:
L 00063 . )
N == D? 01x008 123 (vong/phut)
Cong suat khi dong:
LxAP 0.0063 x 30
P= — 08 = 0.23625 (W)

Véi AP = 30 (Pa): Chénh léch 4p suat khong khi can thiét.
Vian téc goc cua canh quat:
_27T><N_271'X123

w = 50 50 = 12.88 (rad/s)

Momen xodn cia quat:
- Pxn 0.23625x0.8

W 12.88
Tt cac thong s6 da tinh toan, chon 2 quat lam mat DC 24V 80x80 (mm) V&i luu

= 0.01 (Nm)

luong gi6 Ly = 30 (CFM), b6 tri 1 quat hat va 1 quat xa
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Chuong 10 Quy trinh ché tao chi tiét truc cit

10.1  Chi tiét truc

10.1.1 Phdn tich cdc dic diém vé yéu cau Ky thudt cdc bé mdt can gia cong
BAN VE CHE TAOTRUC CAT

—— €4
N £ 710 18
AY100 [&ew]l ' [HTow
I [Z7low[ale] [QloialaTe]

125 T

ZTuoie]

BlaoislAls [Gloo[als

7412004

Yéu Céu Ky Thuat

I. Cac bé mat cin duge danh bong va lam
} , sach bavia khi hoan thién
e 2. Chi tiét ché tao tir vat lidu thép C45
E (4:1) 3. Dung sai cac kich thudc khong ghi gia
cong voi dung sai kich thude S1T14/2

Hinh 10. 1 Truc cat

O cac bé mit ldp ghép nén yéu cau do chinh xac cao vé do bong bé mit, yéu cau
vé d6 nham bé mit 1a cdp 7 (Ra = 1,25).

Céc bé mat con lai thi khong lam viéc nén khong can yéu cau vé d6 nham bé mat.
Bé mat cang bong thi kha ning chong mai mon cua chi tiét cang tét nhung gia cong
phtrc tap chi phi cao va khong c6 tinh kinh té. Chi tiét c6 dang truc véi phoi ban dau
@37 ta dung phuong phép gia cong tién cho cic nguyén cong gia cong bé mat 925, 920,
ranh then 6x6x25 ta dung phuong phap phay.

4.1.2 Trinh ty cac nguyén cong

Nguyén cong 1: Khoa mat du, tién tru A, tién bac, khoan 13 tam.

Nguyén cong 2: Tré dau truc khoa mit ddu con lai va khoan 16 tam.

Nguyén cong 3: Tién tru B, tién bat va vat mép, tién doan truc @25, tién ranh.

Nguyén cong 4: Trd ddu truc, tién doan tru @25, tién ranh, tién doan tru @27.

Nguyén cong 5: Phay rénh then.
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Nguyén cong 6: Mai ban tinh cac doan truc B doan truc @25 dé dat 6 nham Ra
=1,25.

Nguyén cong 7: Mai ban tinh cac doan truc A doan truc @25 dé dat d6 nham Ra
=1,25.

Nguyén cong 8: Kiém tra.
10.2 Lap quy trinh cong nghé, chon may, dao cho tirng nguyén cong
16.2.1 Nguyén cong 1: Khéa mdt dau, tign tru A, tién bdc, khoan 16 tam.

n

Hinh 10. 2 So' d6 dinh vi phay mdt dau va khoan 16 chéng tam
DPinh vi, kep chit:
- Kep chat mit try @37 bang mam cip 3 chiu két hop véi chdt khdng ché 5
BTD.
- Chon dao tién ngoai than cong gin manh hop kim cimg (mm) dé tién mit
dau va tién doan truc (Bang 4-6, trang 297, [15])

h b L n
40 25 200 10
- Khoan 16 tAm: Chon mili khoan thép gié dudi tru (mm) ) (Bang 4-40, trang
319, [IV])
d L |
6 131 60

- Chon may: May tién T616
Duong kinh gia cong: 320 (mm)
Sd cép tdc d6 truc chinh: 12 cép
Pham vi toc d6 truc chinh (vong/phut): 44 — 66 — 91 — 120 — 173 — 249 — 350 —
503 — 723 — 958 — 1380 — 1980
+ Cong suat dong co: 4,5 (Kw)
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+ Puong kinh 15 truc chinh: 30 (mm)
10.2.2 Nguyén cong 2: Tré ddu truc khéa mdr ddu con lgi va khoan 16 tam.

S |

n |
L s
B >t;// “ N ~—
\ ) ‘

V‘j\“

oL )

1]

S \

Hinh 10. 3 So do dinh vi nguyén céng 2
- Kep chit mit tru B bang mam cdp 3 chiu két hop véi chdt khéng ché 5
BTD.

- Chon dao tién ngoai than cong gin manh hop kim ciing (mm) dé tién mit
dau va tién doan truc (Bang 4-6, trang 297, [15])

h b L n
40 25 200 10
- Khoan 16 tAm: Chon mili khoan thép gi6 dudi tru (mm) ) (Bang 4-40, trang
319, [15])
d L '
6 131 60

- Chon may: May tién T616
+ Duong kinh gia cong: 320 (mm)
S6 cap tdc do truc chinh: 12 cap
Pham vi téc d6 truc chinh (vong/phut): 44 — 66 — 91 — 120 — 173 — 249 — 350 —
503 — 723 — 958 — 1380 — 1980
Cong suit dong co: 4,5 (Kw)
DPuong kinh 16 tryc chinh: 30 (mm)
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16.2.3 Nguyén cong 3: Tién tru B, ti¢n bdt va vat mép, tién doan truc @25, tién rinh.

- Dinh vi va kep chat: hai 16 tdm bang hai mai
chdng tam kém téc kep khéng ché 5 BTD -

v )
w

Hinh 10. 4 So do dinh vi nguyén céng 3

DPinh vi, kep chit:
- Kep chat mit try 20 bang t6c kep két hop v&i hai mii chdng tAm 5 BTD.
- Chon dao tién ngoai than cong gin manh hop kim ciing (mm) dé tién mit
dau va tién doan truc (Bang 4-6, trang 297, [15])

h b L n
40 25 200 10

- Chon dao tién ngoai than cong gan manh thép gié (mm) dé vat mép (Bang
4-4, trang 295, [15])

H B L m
16 10 100 6
- Chon dao tién cat dut (mm) dé tién rdnh (Bang 4-21, trang 307, [15])

H B L a
18 8 170 2
Chon may: May tién T616

- Duong kinh gia cong: 320 (mm)

- S cﬁp tdc dd truc chinh: 12 cép

- Pham vi tdc d6 truc chinh (vong/phit): 44 — 66 — 91 — 120 — 173 — 249 — 350 —
503 — 723 — 958 — 1380 — 1980

- Cong suit dong co: 4,5 (Kw)

- Duong kinh 16 tryc chinh: 30 (mm)
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16.2.4 Nguyén cong 4: Tré ddu truc, tién doan tru @25, tién rinh, tién doan tru @27

- Dinh vi va kep chat: hai 16 tdm bang hai mai
chdng tam kém tbc kep khdng ché 5 BTD

Hinh 10. 5 So d6 dinh vi nguyén cong 4

DPinh vi, kep chat:
- Kep chit mit tru $20 bang tdc kep két hop véi hai miii chéng tam 5 BTD.
Chon dao tién ngoai than cong gan manh hop kim ctmg (mm) dé tién mat dau va
tién doan truc (Bang 4-6, trang 297, [15])

h b L 4

40 25 200 10
Chon dao tién cat dit (mm) dé tién rinh (Bang 4-21, trang 307, [15])

H B L a

18 8 170 2

Chon may: May tién T616
- Duong kinh gia cong: 320 (mm)
- S cép tdc dd truc chinh: 12 cép
- Pham vi tdc d6 truc chinh (vong/phit): 44 — 66 — 91 — 120 — 173 — 249 — 350 —
503 — 723 — 958 — 1380 — 1980
- Cong suit dong co: 4,5 (Kw)
- Duong kinh 16 tryc chinh: 30 (mm)
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16.2.5 Nguyén cong 5: Phay ranh then.

Hinh 10. 6 So do dinh vi nguyén céng 5

Dinh vi, kep chat:
- Pinh vi 5 bac tir do bang 1 khdi V ngin va 3 chét ty c¢b dinh dau phang, kep
chit bang co ciu ren vit — don kep.
Chon dao:
- Chon dao phay ngoén thép gié chudi try (mm) (Bang 4-65, trang 322, [15])

d L | S ring loai 2

6 57 13 4
Chon may: May phay 6H12
- Cong suat dong co chay dao: 1,7 (Kw)

- S6 cap tbe do tryc chinh: 18 cap
- Pham vi téc d6 truc chinh (vong/phut): 30 — 37,547,560 —75—-95—118
—160 - 190 — 235 - 300 — 375 — 475 — 600 — 750 — 950 — 1130 — 1500.

- Cong suat dong co: 7 Kw

- Kich thudc ban lam viéc: 320x1250 (mm)

- S ranh chit T: 3
10.2.6 Nguyén cong 6: Mai bdan tinh cdc doan truc B va doan truc @25 dé dat dp
nham Ra = 1,25.

NGUYEN CONG 6

n | 2 H

% c
Hinh 10. 7 So dé dinh vi nguyén céng 6
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DPinh vi, kep chat:
- Dinh vi 5 bac tu do b'fmg 1 miii tAm ¢6 dinh va 1 mii tim di dong, truyén
momen bang tbc kep.
- Kep chat béng tde kep vao mat tru A.
Chon da mai:
- Chon d4 mai c6 chét két dinh kéramit (Bang 4-172, trang 426, [1V])

Loai d4 D H d
1A1-1 48 45 15
Chon may: May mai tron 3M151
- Kich thuéc duong kinh va chidu dai 16n nhat cta phoi mai: 200x750(mm)
- Pham vi tdc do truc chinh: 50 — 500 (vong/phut)
- Cong suit dong co: 10 (Kw) +
- Chiéu dai mai 16n nhét: 700 (mm)
10.2.7 Nguyén cong 7: Mai bdn tinh cdc doan truc A va doan truc @25 dé dat dj
nham Ra = 1,25.

Hinh 10. 8 So do dinh vi nguyén céng 7

DPinh vi, kep chat:
- Dinh vi 5 bac tu do béng 1 miii tAm c6 dinh va 1 mii tam di dong, truyén
momen bang toc kep.
- Kep chit bang toc kep vao mit tru A.
Chon da mai:
- Chon d4 mai c6 chét két dinh kéramit (Bang 4-172, trang 426, [1V])

Loai d4 D H d
1A1-1 48 40 15
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Chon may: May mai tron 3M151
- Kich thuéc dudng kinh va chiéu dai 16n nhét caa phoi mai: 200x750(mm)
- Pham vi tdc d¢ truc chinh: 50 — 500 (vong/phut)
- Cbng suit dong co: 10 (Kw)
- Chiéu dai mai 1én nhét: 700 (mm)

10.2.8 Nguyén cong 8: kiém tra.

-3

e
f_,:_>-

-5
k-

i
.‘3‘ a

Hinh 10. 9 So dé dinh vi kiém tra chi tiét.

10.3  Ché d¢ cat quy trinh gia cong.
F0.3.1 Nguyén cong 1:
a) Budc 1: tién thd tru A
Chiéu sau cat t =2 (mm)
- Luong chay dao S, = 0,3 (mm/vong) (Bang 5-61, trang 53, tai liéu [24])
- Téc d6 cit : V =89 (m/phit) (Bang 5-63, trang 55, tai lidu [24])
- Chu ky bén trung binh cta dao: T = 180 (phut)
- Céac hé s diéu chinh (Bang 5-63, trang 55, tai liéu [25])
Hé sé diéu chinh phy thudc vao nhom thép: K1=1
Hé sb diéu chinh phu thudc vao co tinh cta thép: K2 = 0,8
Heé sb diéu chinh phu thudc vao chu ky bén T cua dao: K3 = 0,87
Hé sb diéu chinh phu thudc vao géc nghiéng chinh cua dao K4 = 0,85
Heé sb diéu chinh phy thudc vao tinh trang bé mat phéi: Ks= 1
Hé sb diéu chinh vao dung dich tron ngudi: K6 = 1
Vay toc do cat tinh toan 1a:
Ve=V.K1.K2.K3.K+.K5.Ks=89.1.0,81.0,87.0,85.1.1 = 53,3 (m/ph(it)
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Sb vong quay tinh toan:

V.1000 _53.3.1000
m.D 1.20

May T616 CO nmin = 44 (vONg/phlit), nmax = 1980 (vong/phit), sd cap téc do 1a
12 cap, tim cong boi:

= 848.5 vong/phut

(pll: Nmax — 44

Ung véi 11 c6 gié tri 32 gan voi 44 tuong (ng véi cot ¢ = 1,41 (Bang
4.7, trang 54, tai liéu [28])

Mat khac:
ne _ 8485

gr=—t =28_ g

Nmin 44
Theo (Bang 4.7, trang 54, tai liéu [26]), tng véi ¢ = 1,41 ta c6 gia tri p9=22.56
Vay s6 vong quay theo may 1a n, = 44. 22,56= 992.64(vong/phat)
> Chon sb vong quay theo may 1a: nm = 1380 (vong/ phut)

m.D.n :TL'. 20. 1380 — 86.7 (m/phl]t)
1000 1000

Tbc @6 catthuc té: V =

Luong chay dao: S= %2 0,062 (mm/vong)
b} Budc 2: tién tinh tru A
Chiéu sau cat t = 0.5 (mm)
Luong chay dao S, = 0,17 (mm/vong) (Bang 5-62, trang 54, tai liéu [24])
Téc d6 cat : V =106 (m/phat) (Bang 5-63, trang 55, tai liéu [24])
Chu ky bén trung binh ctia dao: T = 180 (phut)
Céc hé s6 diéu chinh (Bang 5-63, trang 55, tai liéu [24])
Hé sb diéu chinh phu thudc vao nhém thép: K1= 1
Hé sb diéu chinh phu thudc vao co tinh cta thép: K2 = 0,8
Hé sé diéu chinh phu thudc vao chu ky bén T caa dao: K3 = 0,87
Hé sé diéu chinh phu thudc vao géc nghiéng chinh cia dao K4= 0,85
Heé sb diéu chinh phy thudc vao tinh trang bé mat phdi: Ks= 1
Hé sé diéu chinh vao dung dich tron ngudi: K6 = 1
Vay toc do cat tinh toan 1a:
Vi=V.K1.K2.K3.K+.Ks.K6s=106.1.0,81.0,87.0,85.1.1 = 63.5 (m/phit)
Sb vong quay tinh toan:
V.1000 :63,5 .1000
.D .20
May T616 €O nmin = 44 (VONG/PhLit), Nmax = 1980 (vong/phut), sb cap toc do 1a
12 cip, tim cong boi:

=1010,5 vong/phut

pll=Tmax — 44
Nmin
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Ung Voi @11 ¢c6 gié tri 32 gan voi 44 tuong (ng véi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])

Mat khac:

g — 1010,5=

Nmin 44

px= 23

Theo (Béang 4.7, trang 54, tai li¢u [26]), ung véi ¢ = 1,41 ta co gia tri p°=32
Vay sé vong quay theo may 1a nm = 44. 32 = 1408 (vong/phut)
> Chon sé vong quay theo may la: n, = 1980 (vong/ pht)

Tée do cit thyc té; v = Z22 =20 1980 — 194 A(mipht)
1000 1000
v

= 0,062 (mm/vong)

Nm

Lugng chay dao: S=

¢) Bude 3: Khoan 16 tim
Chiéu sau cit t = 3 (mm)
Luong chay dao S;= 0,16 (mm/vong) (Bang 5-87, trang 84, tai li¢u [24])
Téc do cat : V = 43 (m/phat) (Bang 5-86, trang 83, tai lidu [24])
Chu ky bén trung binh ciia dao: T = 15 (pht)
Céc hé s6 diéu chinh (Bang 5-86, trang 83, tai liéu [25])
+ Hé sb diéu chinh phu thuoc vao chu ky bén T cua dao: K1= 1
+ Hé s6 diéu chinh phu thudc vao trang thai thép: K2 = 0,8
+ Hé sé diéu chinh phu thudc vao chiéu sau cua 16: K3 =1
+ Hé sb diéu chinh phu thudc vao méc cua vat liéu thép: Ka=1 »
Vay tdc do cét tinh toan la:
Vi=V. K1.K2.K3.K+=43.1.0,8.1.1 = 34(m/phit)

- S6 vong quay tinh toan:
V.1000 _34.1000
nD w20
May T616 €O nmin = 44 (vONng/phUt), Nimaex = 1980 (vong/phut), sb cap toe do 1a
12 cip, tim cong boi:

= 541 vong/phat

(pll: Nmax — 44

Nmin
Ung véi 11 ¢co gid tri 32 gan voi 44 tuong (ng véi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])
Mat khac:
ng _ ﬂ

pr=—-=—=12

Nmin 44
Theo (Bang 4.7, trang 54, tai li¢u [26]), itng v&i @ = 1,41 taco giatri ¢7=11.28
Viy s6 vong quay theo may 1a n, = 44. 11.28= 496.32 (vong/phut)
> Chon s vong quay theo may la: n, = 600 (vong/ phut)
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A A L X. w.D.n _m. 20. 600
Toc do cat thucté: V = =
g : 1000 1000

~ = 0,066 (mm/vong)

nm

= 37.7 (m/phat)
Luong chay dao: S=

Budc 4: Vat mép tru B
d) Chiéu sau cat t =1 (mm)
Luong chay dao S, = 0,25 (mm/vong) (Bang 5-61, trang 53, tai liéu [24])
Téc d6 cat : V =109 (m/phit) (Bang 5-63, trang 55, tai liéu [24])
Chu ky bén trung binh ctia dao: T = 180 (phut)
Céc hé s6 diéu chinh (Bang 5-63, trang 55, tai liéu [24])
Hé sb diéu chinh phu thudc vao nhém thép: K1 =1
Hé sb diéu chinh phu thudc vao co tinh cua thép: K2= 0,8
Heé sb diéu chinh phu thudc vao chu ky bén T cua dao: K3 = 0,87
Hé sb diéu chinh phu thudc vao géc nghiéng chinh cua dao K4 = 0,85
Heé sb diéu chinh phy thudc vao tinh trang bé mat phoi: Ks= 1
Hé s6 diéu chinh vao dung dich tron ngudi: Ke= 1
Vay tdc dd cét tinh toan la:
Vi=V.Ki1.K2.K3.K4+.K5.Ks=109.1.0,81.0,87.0,85.1.1 = 65.29 (m/phut)

S6 vong quay tinh toan:
V.1000 _65,29.1000
n.D .20

=991.5 vong/phut

May T616 €O nmin = 44 (vONng/phUt), Nimaex = 1980 (vong/phut), sb cap toe do 1a
12 cép, tim cong boi:
(pll: Nimax — 44

Nmin
Ung voi 11 ¢c6 gié tri 32 gan voi 44 tuong (ng véi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])

Mat khac:
ne 9915

px= = 22.53

Theo (Bang 4.7, trang 54, tai li¢u [26]), ithg v&i ¢ = 1,41 ta cO giatri ¢9=22.56
Vay s6 vong quay theo may 1a nm = 44. 22.56 = 992.64 (vong/phut)
> Chon sé vong quay theo may la: n, = 1380 (vong/ phit)

Tée do ct thuc té; V = T2 =T 20 1399 _ gg 7(miphit)
1000 1000

Nmin 4

Luong chay dao: S= % = 0,06 (mm/vong)
10.3.2 Nguyén cong 2: Tré ddu truc khéa mdr dau con lgi va khoan 16 tam.
a) Budc 1: tién thd mat dau
Chiéu sdu cit t = 2 (mm) N ‘
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- Luong chay dao S, = 0,3 (mm/vong) (Bang 5-61, trang 53, tai li¢u [24])
- Téc d6 cit : V =89 (m/phit) (Bang 5-63, trang 55, tai lidu [24])
- Chu ky bén trung binh cta dao: T = 180 (pht)
- Céc hé sb diéu chinh (Bang 5-63, trang 55, tai liéu [25])
Hé sb diéu chinh phu thudc vao nhém thép: K1 =1
Hé s6 diéu chinh phu thudc vao co tinh cua thép: K> = 0,8
Hé sb diéu chinh phu thudc vao chu ky bén T cua dao: K3 = 0,87
Hé sb diéu chinh phu thudc vao géc nghiéng chinh cua dao K4 = 0,85
Hé sb diéu chinh phu thudc vao tinh trang bé mat phdi: Ks= 1
Hé s6 diéu chinh vao dung dich tron ngudi: Ke= 1
Vay tdc dd cét tinh toan la:
Ve=V.K1.K2.K3.K+.Ks5.Ks=89.1.0,81.0,87.0,85.1.1 = 53,3 (m/ph(t)

S6 vong quay tinh toan:
V.1000 _53.3.1000
m.D .20

May T616 CO nmin = 44 (vONg/phUit), nmax = 1980 (vong/phit), sd cap toc do 1a
12 cép, tim cong boi:

= 848.5 vong/phut

Ung Véi @11 co gid tri 32 gan vai 44 tuong ang voi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])
Mat khac:

o= ne _ 8485_ 19

Nomin 44
Theo (Bang 4.7, trang 54, tai ligu [26]), tng v&i ¢ = 1,41 ta co gia tri ¢°=22.56
Vay s6 vong quay theo may 1a nm = 44. 22,56= 992.64(vong/pht)
> Chon s vong quay theo may la: n, = 1380 (vong/ pht)

Tée do cat thuc té; V = T22 =20 1380 _ g6 7 (myphat)
1000 1000

Y = 0,062 (mm/vong)

Luogng chay dao: S= —
b) Budc 2: tién tinh mat dau
Chiéu sau cit t = 0.5 (mm)
Luong chay dao S;= 0,17 (mm/vong) (Bang 5-62, trang 54, tai li¢u [24])
Téc d6 cat : V =106 (m/phit) (Bang 5-63, trang 55, tai liéu [24])
Chu ky bén trung binh ctia dao: T = 180 (phut)
Céc hé s6 diéu chinh (Bang 5-63, trang 55, tai liéu [24])
Hé sb diéu chinh phu thudc vao nhém thép: K1 =1
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Hé sb diéu chinh phu thudc vao co tinh cua thép: K2= 0,8

Hé sb diéu chinh phu thudc vao chu ky bén T cua dao: K3 = 0,87

Hé sb diéu chinh phu thudc vao géc nghiéng chinh cua dao K4 = 0,85

Hé sb diéu chinh phu thudc vao tinh trang bé mat phdi: Ks= 1

Hé sé diéu chinh vao dung dich tron ngudi: K6 = 1
Vay tdc do cat tinh toan 1a:

Ve=V. K1.K2.K3.K+.K5.Ks=106.1.0,81.0,87.0,85.1.1 = 63.5 (m/phi)
Sb vong quay tinh toan:

V.1000 _63,5.1000
m.D .20

May T616 CO nmin = 44 (vONg/phUt), nmax = 1980 (vong/phit), sd cap téc do 1a
12 cép, tim cong boi:

= 1010,5 vong/phat

Ung Véi @11 co gid tri 32 gan vai 44 tuong ang voi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])
Mat khac:

"t __1010,5__
4 Nomin 44

Theo (Béang 4.7, trang 54, tai li¢u [26]), ung véi ¢ = 1,41 ta co gia tri ¢°=32
Vay s6 vong quay theo may 1a nm = 44. 32 = 1408 (vong/phut)
> Chon s vong quay theo may la: n, = 1980 (vong/ pht)

Tée do cat thuc té; V = Z22 =229 1980 _ 154 4(mi/phat)
1000 1000
\%

= 0,062 (mm/vong)

Nm

23

Luogng chay dao: S=
¢) Bude 3: Khoan 16 tAim
Chiéu siu cat t =3 (mm)
Luong chay dao S;= 0,16 (mm/vong) (Bang 5-87, trang 84, tai li¢u [24])
Téc d6 cat : V = 43 (m/phat) (Bang 5-86, trang 83, tai lidu [24])
Chu ky bén trung binh ctia dao: T = 15 (phut)
Céc hé s6 diéu chinh (Bang 5-86, trang 83, tai liéu [25])
+ Hé sb diéu chinh phu thudc vao chu ky bén T cua dao: K1 =1
+ Heé s6 diéu chinh phu thudc vao trang théi thép: K> = 0,8
+ Hé sb diéu chinh phu thudc vao chiéu sau cua 15: K3 =1
+ Hé sb diéu chinh phu thudc vao méc cua vat liéu thép: Ka=1 »
Vay tdc do cét tinh toan la:
Vi=V.K1.K2.K3.K4+=43.1.0,8.1.1 = 34(m/phut)
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- Sb vong quay tinh toan:

V.1000 _34.1000
.D .20

May T616 CO nmin = 44 (vONg/phlit), nmax = 1980 (vong/phit), sd cap téc do 1a
12 cap, tim cong boi:

= 541 vong/phat

pli= Tmax _ g4

Nmin
Ung Véi @11 ¢co gid tri 32 gan vai 44 tuong ang voi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])
Mat khac:
ng _ 54-_1_

pr=——= 12

Nmin 44
Theo (Bang 4.7, trang 54, tai liéu [26]), tng vé6i ¢ = 1,41 ta cd gid tri 7 =11.28
Vay s6 vong quay theo may 1a n, = 44. 11.28= 496.32 (vong/phut)
> Chon s6 vong quay theo may 1a: nm = 600 (vong/ pht)

Tée do cit thuc té; V = Z22 =2 2% 9% — 37 7 (m/phat)
1000 1000

%: 0,066 (mm/vong)
16.3.3 Nguyén codng 3: Tién tru B, tién bdt va vat mép, tién doan truc @25, tién rinh.
a) Budc 1: tién tho tru B
Chiéu sau cit t =2 (mm)
- Luong chay dao S, = 0,3 (mm/vong) (Bang 5-61, trang 53, tai li¢u [24])
- Toc do cat : V =89 (m/phut) (Bang 5-63, trang 55, tai liéu [24])
- Chu ky bén trung binh cta dao: T = 180 (phut)
- Céc hé sb diéu chinh (Bang 5-63, trang 55, tai liéu [25])
Hé sb diéu chinh phu thudc vao nhém thép: K1 =1

Luogng chay dao: S=

Hé s6 diéu chinh phu thudc vao co tinh cua thép: K2 = 0,8
Hé sé diéu chinh phu thudc vao chu ky bén T caa dao: K3 = 0,87
Hé sé diéu chinh phu thudc vao géc nghiéng chinh cua dao K4 = 0,85
Heé sb diéu chinh phy thudc vao tinh trang bé mat phdi: Ks= 1
Hé sd diéu chinh vao dung dich tron ngudi: Ke=1
Vay tdc do cét tinh toan la:
Vi=V.Ki1.K2.K3.K4+.K5.Ks=89.1.0,81.0,87.0,85.1.1 = 53,3 (m/phut)
S6 vong quay tinh toan:

V.1000 _53.3.1000
1.D .20

M4y T616 €O nmin = 44 (vONg/pht), Nimaex = 1980 (vong/phut), sb cap tde do 1a
12 cép, tim cong boi:

= 848.5 vong/phut
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(pll: Nmax — 44

Nmin
Ung véi @11 ¢o gid tri 32 gan vai 44 tuong ang voi cot ¢ = 1,41 (Bang
4.7, trang 54, tai liéu [26])
Mat khac:

X — Nng _ 848.5 _
¢ Nmin 44

Theo (Bang 4.7, trang 54, tai liéu [26]), tng v&i @ = 1,41 ta cO gia tri ¢2=22.56
Vay s6 vong quay theo may 1a n, = 44. 22,56= 992.64(vong/pht)
» Chon sb vong quay theo may la: nm = 1380 (vong/ phut)

Toe do cit thyc té; v = E22 =20 1380 _ g5 7 (mypht)
1000 1000

%: 0,062 (mm/vong)
b) Budc 2: tién tinh tru B
Chiéu sdu cit t= 0.5 (mm)
Luong chay dao S;= 0,17 (mm/vong) (Bang 5-62, trang 54, tai li¢u [24])
Téc do cat : V =106 (m/phit) (Bang 5-63, trang 55, tai lidu [24])
Chu ky bén trung binh ciia dao: T = 180 (phut)
Céc hé so diéu chinh (Bang 5-63, trang 55, tai liéu [24])
Hé sb diéu chinh phu thudc vao nhém thép: K1=1

19

Luogng chay dao: S=

Hé sé diéu chinh phu thudc vao co tinh cta thép: K2 = 0,8

Hé sb diéu chinh phu thudc vao chu ky bén T caa dao: K3 = 0,87

Heé sb diéu chinh phu thudc vao goc nghiéng chinh cua dao K4 = 0,85

Heé sb diéu chinh phy thudc vao tinh trang bé mat phdi: Ks= 1

Hé sé diéu chinh vao dung dich tron ngudi: Ke= 1
Vay tdc do cét tinh toan la:

Ve=V. K1.K2.K3.K+.K5.Ks=106.1.0,81.0,87.0,85.1.1 = 63.5 (m/phit)
S6 vong quay tinh toan:
V.1000 :63,5 .1000
m.D .20

May T616 CO nmin = 44 (VONG/pht), nimax = 1980 (vong/phut), s6 cap toc do 1a

12 cép, tim cong boi:

=1010,5 vong/phut

qDll: Nimax — 44

Nmin
Ung véi 11 ¢co gid tri 32 gan voi 44 tuong (ng véi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])
Mat khac:

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
Nguyén Thanh Phiic 169



Tt __1010,5__
(p Nmin 44

Theo (Bang 4.7, trang 54, tai liéu [26]), ithg v&i ¢ = 1,41 ta cO gia tri 9 =32
Vay s6 vong quay theo may 1a nm, = 44. 32 = 1408 (vong/phut)
» Chon sb vong quay theo may la: nm = 1980 (vong/ phut)

Tée do cit thyc té: V = ’1’;’0;‘ = 21‘;02980 = 124.4(m/phat)
\%

= 0,062 (mm/vong)

nm

23

Luong chay dao: S=

) Bude 3: Vat mép tru B
Chiéu sau cit t = 1 (mm)
Luong chay dao S;= 0,25 (mm/vong) (Bang 5-61, trang 53, tai liéu [24])
Téc d6 cat : V =109 (m/phit) (Bang 5-63, trang 55, tai liéu [24])
Chu ky bén trung binh ctia dao: T = 180 (phut)
Céc hé s6 diéu chinh (Bang 5-63, trang 55, tai liéu [24])
Hé sb diéu chinh phu thudc vao nhém thép: K1=1
Hé s6 diéu chinh phu thudc vao co tinh cua thép: K> = 0,8
Heé sb diéu chinh phu thudc vao chu ky bén T cua dao: K3 = 0,87
Hé sb diéu chinh phu thudc vao goc nghiéng chinh cua dao K4 = 0,85
Heé sb diéu chinh phy thudc vao tinh trang bé mat phoi: Ks= 1
Hé sb diéu chinh vao dung dich tron ngudi: Ke= 1
Vay tdc do cét tinh toan la:
Ve=V.K1.K2.K3.K4.K5.K6=109.1.0,81.0,87.0,85.1.1 = 65.29 (m/phut)

S6 vong quay tinh toan:
V.1000 _65,29.1000
mD w20
May T616 €O nmin = 44 (vONng/phUit), Nimaex = 1980 (vong/phut), sb cap toe do 1a
12 cAp, tim cong boi:

=991.5 vong/phut

pli= max _ g4

Nmin
Ung voi 11 c6 gié tri 32 gan voi 44 tuong (ng véi cot ¢ = 1,41 (Bang
4.7, trang 54, tai liéu [26])
Mat khac:
ng 9915

=22.53

pr=
Theo (Bang 4.7, trang 54, tai ligu [26]), tng v&i ¢ = 1,41 ta cé gia tri ¢°=22.56
Vay s6 vong quay theo may 1a nm = 44. 22.56 = 992.64 (vong/phut)
> Chon sé vong quay theo may la: n, = 1380 (vong/ phut)

Nmin 4
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m.D.n _m. 20. 1380

Tbc @6 catthuc té; vV =
1000 1000

= 86.7(m/phut)

Luong chay dao: S= % = 0,06 (mm/vong)
d) Budc 4: tién tho tru O 25
Chiéu sau cit t = 2 (mm)
- Luong chay dao S, = 0,3 (mm/vong) (Bang 5-61, trang 53, tai li¢u [24])
- Téc d6 cit : V =89 (m/phiit) (Bang 5-63, trang 55, tai lidu [24])
- Chu ky bén trung binh cta dao: T = 180 (pht)
- Céc hé sb diéu chinh (Bang 5-63, trang 55, tai liéu [25])
Hé sb diéu chinh phu thudc vao nhém thép: K1 =1
Hé s6 diéu chinh phu thudc vao co tinh cua thép: K> = 0,8
Heé sb diéu chinh phu thudc vao chu ky bén T cua dao: K3 = 0,87
Hé sb diéu chinh phu thudc vao géc nghiéng chinh cua dao K4 = 0,85
Heé sb diéu chinh phy thudc vao tinh trang bé mat phoi: Ks= 1
Hé s6 diéu chinh vao dung dich tron ngudi: Ke= 1
Vay tdc dd cat tinh toan la:
Vi=V.K1.K2.K3.Ks.Ks.K6=89.1.0,81.0,87.0,85.1.1 = 53,3 (m/pht)

S6 vong quay tinh toan:
V.1000 _53.3.1000
nD w25
May T616 €O nmin = 44 (vONng/phUt), Nimaex = 1980 (vong/phut), sb cap toe do 1a
12 cép, tim cong boi:

= 678.6 vong/phut

(pll: Nimax — 44

Nmin
Ung voi 11 ¢c6 gié tri 32 gan voi 44 tuong (ng véi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])
Mat khac:

px= =—-=15

Nmin 44
Theo (Bang 4.7, trang 54, tai liéu [26]), ang véi ¢ = 1,41 taco gid tri p8=16
Vay s6 vong quay theo may la nm = 44. 16= 704 (vong/phut)
> Chon s6 vong quay theo may la: n, = 750 (vong/ phut)

Téc do cit thuc té: vV = T2 =2 750 _ 59 (myphat)
1000 1000

—~= 0,083 (mm/vong)
g} Budc 5: tién tinh tru @ 25

Chiéu siu cat t = 0.5 (mm)

Luong chay dao: S=
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Luong chay dao S;= 0,17 (mm/vong) (Bang 5-62, trang 54, tai liéu [24])
Téc d6 cat : V = 130 (m/phit) (Bang 5-63, trang 55, tai liéu [24])
Chu ky bén trung binh ctia dao: T = 180 (phut)
Céc hé s6 diéu chinh (Bang 5-63, trang 55, tai liéu [24])
Hé sb diéu chinh phu thudc vao nhém thép: K1 =1
Hé sb diéu chinh phu thudc vao co tinh cua thép: K2= 0,8
Hé sb diéu chinh phu thudc vao chu ky bén T cua dao: K3 = 0,87
Hé sb diéu chinh phu thudc vao géc nghiéng chinh cua dao K4 = 0,85
Hé sb diéu chinh phu thudc vao tinh trang bé mat phdi: Ks= 1
Hé sé diéu chinh vao dung dich tron ngudi: Ke= 1
Vay tdc dd cét tinh toan la:
Vi=V.K1.K2.K3.K4.K5.Ks=130.1.0,81.0,87.0,85.1.1 = 77.9 (m/phit)

S6 vong quay tinh toan:

V.1000 _77.9.1000
nD w25

May T616 CO Nmin = 44 (vONg/ph(it), nmax = 1980 (vong/phit), s6 cap téc do 1a

12 cép, tim cong boi:

= 991.5 vong/phut

Ung Véi @11 co gid tri 32 gan vai 44 tuong ang voi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])

Mat khac:
ne 9915

= 22.53

QDX - Nomi 4
Theo (Bang 4.7, trang 54, tai liéu [26]), (tng v&i ¢ = 1,41 ta cO gia tri ¢2=22.56
Vay s6 vong quay theo may 1a nm = 44. 22.56 = 992.64 (vong/phut)
> Chon s vong quay theo may la: n, = 1380 (vong/ pht)

Tée do cat thuc té; V = Z20 =T 2% 1390 _ g5 7(m/phat)
1000 1000

J = 0,06 (mm/vong)

Luogng chay dao: S= —
f) Budc 6: tién ranh
Chiéu sau cit t = 0.5 (mm)
Luong chay dao S;= 0,17 (mm/vong) (Bang 5-62, trang 54, tai li¢u [24])
Téc d6 cat : V =130 (m/phit) (Bang 5-63, trang 55, tai liéu [24])
Chu ky bén trung binh ctia dao: T = 180 (phut)
Céc hé s6 diéu chinh (Bang 5-63, trang 55, tai liéu [24])

Hé s6 diéu chinh phu thudc vao nhém thép: K1 =1
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Hé s6 diéu chinh phu thudc vao co tinh cua thép: K> = 0,8
Hé sb diéu chinh phu thudc vao chu ky bén T cua dao: K3 = 0,87
Hé sb diéu chinh phu thudc vao géc nghiéng chinh cua dao K4 = 0,85
Hé sb diéu chinh phu thudc vao tinh trang bé mat phdi: Ks= 1
Hé sé diéu chinh vao dung dich tron ngudi: K6 = 1
Vay tdc do cat tinh toan 1a:
Vi=V.K1.K2.K3.K4.K5.Ks=130.1.0,81.0,87.0,85.1.1 = 77.9 (m/phit)
Sb vong quay tinh toan:

V.1000 _77.9.1000
m.D 1T.24,5

May T616 CO nmin = 44 (vONg/phUt), nmax = 1980 (vong/phit), sd cap toc do 1a
12 cép, tim cong boi:

=1012,1 vong/phat

(pll: Nmax — 44

Nmin
Ung Véi @11 co gid tri 32 gan vai 44 tuong ang voi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])
Mat khac:

px = ne 1012 54

Nmin 44

Theo (Bang 4.7, trang 54, tai liéu [26]), trng v&i ¢ = 1,41 ta cd gia tri ¢9=22.56
Vay s6 vong quay theo may 1a n, = 44. 22.56 = 992.64 (vong/phut)

> Chon s vong quay theo may la: n,, = 1380 (vong/ phut)

Tée do cat thuc té; V = Z20 =T 2% 1390 _ g5 7(m/phat)

1000 1000
J = 0,06 (mm/vong)

Nim

Luogng chay dao: S=

10.3.4 Nguyén cong 4: Tré dau truc, tién doan tru @25, tién rinh, tién doan tru 927,
a) Budc 1: tién tho tru O 25
Chiéu sau cit t =2 (mm)
Luong chay dao S;= 0,3 (mm/vong) (Bang 5-61, trang 53, tai li¢u [24])
Téc d6 cat : V =89 (m/phat) (Bang 5-63, trang 55, tai lidu [24])
Chu ky bén trung binh ctia dao: T = 180 (phut)
Céc hé s6 diéu chinh (Bang 5-63, trang 55, tai liéu [25])
Hé s6 diéu chinh phu thudc vao nhom thép: K1=1
Hé sb diéu chinh phu thudc vao co tinh cta thép: K2 = 0,8
Hé sb diéu chinh phu thudc vao chu ky bén T caa dao: K3 = 0,87
Hé sb diéu chinh phu thudc vao géc nghiéng chinh cua dao K4= 0,85
Hé s diéu chinh phu thudc vao tinh trang bé mat phdi: Ks= 1
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Hé sb diéu chinh vao dung dich tron ngudi: Ke= 1
Vay tdc do cat tinh toan 1a:
Ve=V.K1.K2.K3.K+.K5.K6=89.1.0,81.0,87.0,85.1.1 = 53,3 (m/phtt)
Sb vong quay tinh toan:

V.1000 _53.3.1000
w.D .25

May T616 CO nmin = 44 (vONg/phUit), nmax = 1980 (vong/phit), sd cap toc do 1a
12 cap, tim cong boi:

= 678.6 vong/phut

Ppli= Tmax _ g4

Ung véi 11 co gié tri 32 gan voi 44 tuong (ng véi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])
Mat khac:

ng _ 678.6
Nmin 44

Theo (Béang 4.7, trang 54, tai li¢u [26]), ung véi ¢ = 1,41 ta cd gid tri 8=16
Vay sé vong quay theo may 1a n, = 44. 16= 704 (vong/phut)

15

p*=

> Chon s6 vong quay theo may 1a: nm = 750 (vong/ pht)

The do cit thuc té; vV = E28 =T 2% 780 — 59 (m/pht)
1000 1000

%z 0,083 (mm/vong)
b) Budc 2: tién tinh tru @ 25
Chiéu sau cat t = 0.5 (mm)
Luong chay dao S; = 0,17 (mm/vong) (Bang 5-62, trang 54, tai liu [24])
Téc d6 cat : V =130 (m/phut) (Bang 5-63, trang 55, tai liéu [24])
Chu ky bén trung binh ctia dao: T = 180 (phut)
Céc hé s6 diéu chinh (Bang 5-63, trang 55, tai liéu [24])
Hé s6 diéu chinh phuy thudc vao nhom thép: K1=1
Hé sb diéu chinh phu thudc vao co tinh cta thép: K2 = 0,8
Hé sé diéu chinh phu thudc vao chu ky bén T caa dao: K3 = 0,87
Hé sb diéu chinh phu thudc vao géc nghiéng chinh cua dao K4= 0,85
Heé sb diéu chinh phy thudc vao tinh trang bé mat phéi: Ks= 1

Luong chay dao: S=

Hé sb diéu chinh vao dung dich tron ngudi: K6 = 1
Vay toc do cat tinh toan 1a:
Vi=V.Ki1.K2K3.K4+.Ks5.K¢=130.1.0,81.0,87.0,85.1.1 = 77.9 (m/pht)
Sb vong quay tinh toan:

V.1000 _77.9.1000
.D .25

= 991.5 vong/phut
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May T616 CO nmin = 44 (vONg/phUit), Nimex = 1980 (vong/phut), sé cap toe do 1a
12 cap, tim cong boi:

(pll: Nmax — 44

Ung véi @11 co gid tri 32 gan vai 44 tuong ang voi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])

Mat khac:

Nng _ 991.5

——=22.53

Nmin 44

p*=
Theo (Bang 4.7, trang 54, tai liéu [26]), tng v&i ¢ = 1,41 ta c6 gid tri ¢°=22.56
Vay s6 vong quay theo may 1a nm = 44. 22.56 = 992.64 (vong/phut)
> Chon sb vong quay theo may 1a: nm = 1380 (vong/ phut)

Téc 46 cit thuc té; V = T2 =2 2% 1399 _ g6 7(m/phat)

1000 1000
~ = 0,06 (mm/vong)

nm

Luong chay dao: S=
¢) Budc 3: tién ranh
Chiéu sau cat t = 0.5 (mm)
Luong chay dao S;= 0,17 (mm/vong) (Bang 5-62, trang 54, tai liéu [24])
Téc d6 cat : V = 130 (m/phit) (Bang 5-63, trang 55, tai liéu [24])
Chu ky bén trung binh ctia dao: T = 180 (pht)
Céc hé s6 diéu chinh (Bang 5-63, trang 55, tai liéu [24])
Hé s6 diéu chinh phuy thudc vao nhom thép: K1=1
Hé s6 diéu chinh phu thudc vao co tinh cua thép: K> = 0,8
Hé sé diéu chinh phuy thudc vao chu ky bén T caa dao: K3 = 0,87
Hé sé diéu chinh phu thudc vao géc nghiéng chinh cua dao K4= 0,85
Hé s6 diéu chinh phu thudc vao tinh trang bé mat phdi: Ks= 1
Hé sé diéu chinh vao dung dich tron ngudi: K6 = 1
Vay tdc d6 cat tinh toan la:
Vi=V.K1.K2.K3K4.Ks.Ks=130.1.0,81.0,87.0,85.1.1 = 77.9 (m/phut)
Sb vong quay tinh toan:

V.1000 _77.9.1000
m.D m.24,5

M4y T616 €O nmin = 44 (vOng/pht), Nimaex = 1980 (vong/phut), sb cap tde do 1a

12 cép, tim cong boi:

=1012,1 vong/phut

qDll: Nimax — 44

Nmin
Ung véi 11 co gié tri 32 gan voi 44 tuong (ng véi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])
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Mat khac:
ne 1012

pr=—"t =122_ 73

Nmin 44
Theo (Bang 4.7, trang 54, tai liéu [26]), itng v&i @ = 1,41 ta cO gia tri ¢2=22.56
Vay s6 vong quay theo may 1a nm = 44. 22.56 = 992.64 (vong/phut)
> Chon sé vong quay theo may la: n, = 1380 (vong/ pht)

m.D.n :T[. 20. 1380 — 867(m/phl]t)
1000 1000

%: 0,06 (Mm/vong)
) Budc 4: tién tho try @ 27
Chiéu sau cit t =2 (mm)
- Luong chay dao S, = 0,5 (mm/vong) (Bang 5-61, trang 53, tai li¢u [24])
- Téc @6 cit : V =77 (m/phit) (Bang 5-63, trang 55, tai lidu [24])
- Chu ky bén trung binh cta dao: T = 180 (phut)
- Céc hé sb diéu chinh (Bang 5-63, trang 55, tai liéu [25])
Hé sb diéu chinh phu thudc vao nhém thép: K1= 1

Tbc @6 catthuc té; vV =

Luong chay dao: S=

Hé s6 diéu chinh phu thudc vao co tinh cua thép: K> = 0,8
Heé sb diéu chinh phu thudc vao chu ky bén T cua dao: K3 = 0,87
Hé sb diéu chinh phu thudc vao goc nghiéng chinh cua dao K4 = 0,85
Heé sb diéu chinh phy thudc vao tinh trang bé mat phoi: Ks= 1
Hé s6 diéu chinh vao dung dich tron ngudi: Ke= 1
Vay tdc do cét tinh toan la:
Ve=V. K1.K2.K3.K+.Ks5.Ks=77.1.0,81.0,87.0,85.1.1 = 46,12 (m/phit)

S6 vong quay tinh toan:
V.1000 _46,12.1000
.D .27

May T616 €O nmin = 44 (vONng/phUt), Nimaex = 1980 (vong/phut), sb cap toe do 1a

= 543.75 vong/phut

12 cip, tim cong boi:
pli= Mmax _ g4

Nmin
Ung Véi @11 co gid tri 32 gan vai 44 tuong ang voi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])
Mat khac:
ng 543,75

=12.35

QDX - Nmin 4
Theo (Bang 4.7, trang 54, tai liéu [26]), tng véi ¢ = 1,41 ta co gid tri p8=16
Vay s6 vong quay theo may la nm = 44. 16= 704 (vong/pht)
> Chon s vong quay theo may la: n, = 750 (vong/ phut)
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m.D.n _m. 25. 750

Toc dd catthuc té: V = =
1000 1000

=59 (m/phut)
Luong chay dao: S— —= 0,083 (mm/vong)

g} Budce 5: tién tinh tru 027
Chiéu sau cit t = 0.5 (mm)
Luong chay dao S; = 0,17 (mm/vong) (Bang 5-62, trang 54, tai liu [24])
Téc d6 cat : V =130 (m/phit) (Bang 5-63, trang 55, tai liéu [24])
Chu ky bén trung binh cta dao: T = 180 (phut)
Céc hé sb diéu chinh (Bang 5-63, trang 55, tai liéu [24])
Hé sb diéu chinh phu thudc vao nhém thép: K1=1
Hé sb diéu chinh phu thudc vao co tinh cua thép: K2= 0,8
Heé sb diéu chinh phu thudc vao chu ky bén T cua dao: K3 = 0,87
Hé sb diéu chinh phu thudc vao goc nghiéng chinh cua dao K4 = 0,85
Hé sb diéu chinh phy thudc vao tinh trang bé mat phoi: Ks= 1
Hé sb diéu chinh vao dung dich tron ngudi: Ke= 1
Vay tdc dd cét tinh toan la:
Vi=V.K1.K2.K3.K+.K5.Ks=130.1.0,81.0,87.0,85.1.1 = 77.9 (m/ph(it)
S6 vong quay tinh toan:
n= V.1000 :77.9.1000 — 918,38 VOng/phUt
m.D .27
May T616 CO nmin = 44 (VONg/pht), nmax = 1980 (vong/phut), s6 cap toe do 1a
12 cép, tim cong boi:

(pll— nmax 44

Nmin
Ung voi 11 ¢c6 gié tri 32 gan voi 44 tuong (ng véi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])
Mat khac:
n; _ 18,38

x= 23 20.87

Theo (Bang 4.7, trang 54, tai li¢u [26]), ithg v&i ¢ = 1,41 ta cO giatri ¢9=22.56
Vay s6 vong quay theo may 1a nm = 44. 22.56 = 992.64 (vong/phut)
> Chon sé vong quay theo may la: n, = 1380 (vong/ phit)

Tée do ct thuc té; V = T2 =T 20 1399 _ gg 7(miphit)
1000 1000

nmm 4

Luong chay dao: S— = 0,06 (mm/vong)

f) Budc 6: tién ranh
Chiéu siu cat t = 0.5 (mm)

Lugng chay dao S; = 0,17 (mm/vong) (Bang 5-62, trang 54, tai li¢u [24])
Sinh vién thyc hién: Nguyén Khoa Phuong Giang vién hudng din: TS. V5 Tran Anh
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Téc d6 cat : V = 130 (m/phit) (Bang 5-63, trang 55, tai liéu [24])
Chu ky bén trung binh ctia dao: T = 180 (phut)
Céc hé sb diéu chinh (Bang 5-63, trang 55, tai liéu [24])
Hé sb diéu chinh phu thudc vao nhém thép: K1=1
Hé sb diéu chinh phu thudc vao co tinh cta thép: K2 = 0,8
Hé s diéu chinh phu thudc vao chu ky bén T cta dao: K3 = 0,87
Hé sb diéu chinh phu thudc vao géc nghiéng chinh cia dao K4= 0,85
Hé sb diéu chinh phu thudc vao tinh trang bé mat phdi: Ks= 1
Hé sb diéu chinh vao dung dich tron ngudi: Ke= 1
Vay tdc do cit tinh toan la:
Ve=V.K1.K2.K3.K4.Ks5.K6=130.1.0,81.0,87.0,85.1.1 = 77.9 (m/phut)

S6 vong quay tinh toan:
V.1000 _77.9.1000
m.D m.24,5

May T616 CO nmin = 44 (vONg/phlit), Nmex = 1980 (vong/phut), sé cap tdc do 1a

12 cép, tim cong boi:

=1012,1 vong/phut

Ung véi 11 ¢co gid tri 32 gan voi 44 twong (ng véi cot ¢ = 1,41 (Bang
4.7, trang 54, tai li¢u [26])
Mat khac:

pr=—t=—"=723

Nmin 44
Theo (Bang 4.7, trang 54, tai liéu [26]), (tng v&i ¢ = 1,41 ta cO gia tri ¢2=22.56
Vay s6 vong quay theo may 12 ny, = 44. 22.56 = 992.64 (vong/pht)
> Chon s vong quay theo may la: n, = 1380 (vong/ pht)

m.D.n :n. 20. 1380 — 867(m/phl]t)
1000 1000

~ = 0,06 (mm/vong)

Nm

Tbc @6 catthuc té: vV =

Luong chay dao: S=

g} Nguyén cdng 5: Phay rénh then.

Phay thé

Chiéu siu cat t =2 (mm)

Luong chay dao S = 0,2 (mm/rang) (Bang 5-153, trang 138, tai li¢u [25])
Téc do cat : V =25 (m/phit) (Bang 5-186, trang 169, tai liéu [25])

Chu ky bén trung binh ciia dao: T = 180 (phut)

Céc hé sb diéu chinh (Bang 5-186, trang 169, tai liéu [25])

+ Heé s6 diéu chinh phu thudc vao nhém va co tinh cta thép: K1= 0,9
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+ Hé s6 diéu chinh phu thudc vao chu ky bén cuadao T: K2=1
+ Hé s diéu chinh phu thugc vao chiéu sau phay t: K3 =1
+ Hé s6 diéu chinh phu thudc vao dung dich tron ngudi: K+ = 0,8
Vay tdc do cit tinh toan 1a:
Vi=V.K1.K2.K3.K4+=25.0,9.1.1.0,8 = 18 (m/phut)

- SO vong quay tinh toan:
_ Vp1000  18.1000

M= T Taan = 47746 (vong/ oy
V.1000 _18.1000 _ N ,
ng = ——==— = 955 vong/phut

May 6H82 O nimin = 30 (vONg/phit), nmax = 1500 (vong/phit), sd cap tde do 1a
18 cép, tim cong boi :

Q= Nmax _ 1500
Nmin 30

Ung véi 17 ¢c6 gid tri 50,56 gan vai 50 twong &ing voi cot ¢ = 1,26 (Bang
4.7, trang 54, tai li¢u [17])

50

Mat khéc:

pr="T0=2°_318

Nmin 30
Theo (Bang 4.7, trang 54, tai liéu [26]), thg v&i ¢ = 1,26 ta c0 gia tri ¢15= 32
Vay sé vong quay theo may la n = 30.32= 960 (vong/pht)

Chon sb vong quay theo may la: nm = 950 (vong/ phut)

n.D.n _m. 6. 950
1000 1000

- Tbc @6 cat thuc té: 1 V = = 17.9 (m/phat)

- Luong chay dao: : S= A= 0,018 (mm/vong)

Nm
Phay tinh
Chiéu sau cit t = 0.5 (mm)
Luong chay dao S = 0,2 (mm/rang) (Bang 5-153, trang 138, tai li¢u [25])
Téc do cat : V =25 (m/phit) (Bang 5-186, trang 169, tai liéu [25])
Chu ky bén trung binh ciia dao: T = 180 (phut)
Céc hé sb diéu chinh (Bang 5-186, trang 169, tai liéu [25])
+ Hé s6 diéu chinh phu thudc vao nhém va co tinh cta thép: K1= 0,9
+ Heé s6 diéu chinh phu thudc vao chu ky bén cuadao T: K2=1
+ Hé sb diéu chinh phu thudc vao chiéu sau phay t: K3 =1
+ Heé s6 diéu chinh phu thudc vao dung dich tron ngudi: K+ = 0,8
Vay tdc do cit tinh toan 1a:

Vi=V.K1.K2.K3.K+=25.0,9.1.1.0,8 = 18 (m/pht)
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- SO vong quay tinh toan:
V.1000 _18.1000
1.D .6

May 6H82 €O nmin = 30 (VONG/phiit), nimex = 1500 (vong/phut), s6 céap toe do 1a

= 955 vong/phut

ng =

18 cap, tim cong boi :

n 1500
= =0 =0
min

Ung véi @17 6 gié tri 50,56 gan voi 50 twong (g voi cot ¢ = 1,26 (Bang
4.7, trang 54, tai liéu [17])

Mat khac:

pr=—"t-=2°=318

Nmin 30
Theo (Béang 4.7, trang 54, tai liéu [26]), tng véi ¢ = 1,26 ta c6 gia tri ¢15= 32
Vay sé vong quay theo may 1a n = 30.32= 960 (vong/phut)

Chon sb vong quay theo may la: n» = 1130 (vong/ phat)
m.D.n _m. 6. 1130
1000 1000

- Luong chay dao: : S= Y= 0,01 (mm/vong)

Nm

- Tbc do catthucté:: V =

= 21.3 (m/phat)

16.3.5 Nguyén cong 5: Phay ranh then

Budc 1: Phay tho ranh then 6x6x25
Chiéu sau cit t =2 (mm)
Luong chay dao S = 0,2 (mm/rang) (Bang 5-153, trang 138, tai liéu [25])
Téc d6 cat : V = 22,3 (m/phut) (Bang 5-186, trang 169, tai lidu [25])
Chu ky bén trung binh ctia dao: T = 180 (phut)
Céc hé sb diéu chinh (Bang 5-186, trang 169, tai lidu [25])
+ Hé sé diéu chinh phu thudc vao nhém va co tinh cta thép: K1 = 0,9
+ Hé s6 diéu chinh phu thudc vao chu ky bén cuadao T: K2 =1
+ Heé so diéu chinh phu thudc vao chiéu sau phay t: K3=1
+ Hé sb diéu chinh phu thudc vao dung dich tron ngudi: Ka= 0,8 > Vay tdc
dd ct tinh toan la:
Ve=V.K1.K2.K3.K4=223.0,9.1.1.0,8 = 16 (m/ph(it)
Sb vong quay tinh toan:

ng =

V.1000 _16.1000
.D

May 6H82 O nimin = 30 (vONg/phiit), nmax = 1500 (vong/phit), sd cap tde do 1a

= 848 vong/phut

18 cép, tim cong boi:
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n 1500
¢17: M ==""=5(0
Nmin 30

Ung véi 20 ¢c6 gié tri 50,56 gan voi 50 twong (ng véi cot ¢ = 1,26 (Bang
4.7, trang 54, tai li¢u [26])
Mat khac:
px= n::m = 2= 2826
Theo (Bang 4.7, trang 54, tai liéu [26]), tng v&i ¢ = 1,26
Taco gidtri pt5= 32
Vay sé vong quay theo may 1a n, = 30.32= 960 (vong/phut)
Chon s6 vong quay theo may 1a: nm = 950(vong/ phut)
m.Dn _m. 6. 950

Toc do cat thyc té: V = =— =222 =17.9 (m/pht)

1000 1000

Luong chay dao: S= =2 0,018 (mm/vong)

nm 600
Budc 2: Phay tinh ranh then 6x6x25
Chiéu sau cat t = 0.5 (mm)
Luong chay dao S = 0,2 (mm/rang) (Bang 5-153, trang 138, tai liéu [25])
Téc d6 cat : V =25 (m/phut) (Bang 5-186, trang 169, tai liéu [25])
Chu ky bén trung binh ctia dao: T = 180 (phut)
Céc hé sb diéu chinh (Bang 5-186, trang 169, tai lidu [25])
+ Hé sé diéu chinh phu thudc vao nhém va co tinh cta thép: K1 = 0,9
+ Hé s6 diéu chinh phu thudc vao chu ky bén cuadao T: K2 =1
+ Heé so diéu chinh phu thudc vao chiéu sau phay t: K3=1
+ Hé sb diéu chinh phu thudc vao dung dich tron ngudi: Ka= 0,8 > Vay tdc
dd cat tinh toan la:
Ve=V.K1.K2.K3.K+=25.0,9.1.1.0,8 = 18 (m/phut)

Sb vong quay tinh toan:

__ V.1000 _18.1000
e = .D -

May 6H82 ¢ nmin = 30 (vOng/phit), nmax = 1500 (vong/phut), sé cap toc do 1a
18 cép, tim cong boi:

= 954 vong/phut

n 1500
= =0 =0
min

Ung véi 20 ¢co gid tri 50,56 gan voi 50 twong (ng véi cot ¢ = 1,26 (Bang
4.7, trang 54, tai li¢u [26])
Mat khac:
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pr=—"t =22_3138

Nmin 30

Theo (Bang 4.7, trang 54, tai liéu [26]), ang véi ¢ = 1,26
Taco gidtri pt5= 32
Vay sé vong quay theo may 1a n, = 30.32 = 960 (vong/phut)

Chon sb vong quay theo may la: n» = 1130(vong/ pht)
n.D.n _m. 6. 1130

Tbc do cat thucté: vV = = = 21.3 (m/phat)
1000 1000
Luong chay dao: S= nl = % = 0,01 (mm/vong)

10.3.6 Nguyén cong 6: Mai ban tinh cdc doan truc B doan truc @25 dé dat dp nham
Ra =1,25.

a) Budc 1: Mai tho doan truc B.

- Chiéu sau cat t = 0,3 (mm)

- Ta c6 duong kinh mai D = 20 (mm) = n. = 380 (vong/phut) (Bang 5-203,
trang 181, [24])

- Tra bang 5-203, trang 181, [24]) ta c6 lugng chay dao ngang Sc = 3
(mm/phut)

b) Budc 2: Mai tinh doan truc B.

- Chiéu sau cat t = 0,05 (mm)

- Ta c6 duong kinh mai D = 20 (mm) = n. = 245 (vong/phut) (Bang 5-204,
trang 182, [24])

- Tra bang 5-204, trang 182, [24]) ta c6 lugng chay dao ngang S. =2,68
(mm/phut)

¢) Budce 3: Mai tho doan truc 925.

- Chiéu sau cit t = 0,3 (mm)

- Ta c6 duong kinh mai D = 25 (mm) = n. = 310 (vong/phut) (Bang 5-203,
trang 181, [24])

- Tra bang 5-203, trang 181, [24]) ta c6 lugng chay dao ngang Sc:= 2.56
(mm/phut)

) Budc 4: Mai tinh doan truc ©@25.

- Chiéu sau cat t = 0,05 (mm)

- Ta c6 duong kinh mai D = 25 (mm) = n. = 200 (vong/phut) (Bang 5-204,
trang 182, [24])

- Tra bang 5-204, trang 182, [24]) ta c¢6 lugng chay dao ngang Sc: = 2,38
(mm/phat)

Sinh vién thuc hién: Nguyén Khoa Phuong  Giang vién huéng dan: TS. V4 Tran Anh
Nguyén Thanh Phiic 182



10.3.7 Nguyén cong 7: Mai bdn tinh cdc doan truc A doan truc @25 dé dat dp nham
Ra=1,25.

a) Budc 1: Mai tho doan truc A.

- Chiéu sau cit t = 0,3 (mm)

- Ta c6 duong kinh mai D = 20 (mm) - n. = 380 (vong/phut) (Bang 5-203,
trang 181, [24])

- Tra bang 5-203, trang 181, [24]) ta c¢6 lugng chay dao ngang Sc = 3
(mm/phat)

b) Budc 2: Mai tinh doan truc A.

- Chiéu sau cat t = 0,05 (mm)

- Ta co duong kinh mai D = 20 (mm) - n. = 245 (vong/phut) (Bang 5-204,
trang 182, [24])

- Trabang 5-204, trang 182, [24]) ta ¢6 luong chay dao ngang Sc.:= (mm/pht)

) Bude 3: Mai tho doan truc 925.

- Chiéu sau cit t = 0,3 (mm)

- Ta c6 duong kinh mai D = 25 (mm) = n. = 310 (vong/phut) (Bang 5-203,
trang 181, [24])

- Tra bang 5-203, trang 181, [24]) ta c¢6 lugng chay dao ngang S.: = 2.56
(mm/phat)

d) Budc 4: Mai tinh doan truc 925.

- Chiéu su cit t = 0,05 (mm)

- Ta c6 duong kinh mai D = 25 (mm) = n. = 200 (vong/phut) (Bang 5-204,
trang 182, [24])

- Tra bang 5-204, trang 182, [24]) ta c¢6 lugng chay dao ngang Sc: = 2,38
(mm/phat)
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Két luan

Sau qua trinh nghién ctru, thiét ké nhom d3 hoan thién dé tai “Thiét ké — Ché
tao may cit c6 banh xich diéu khién tir xa”. Két qua dat duoc nhu sau:

D3 thiét ké hoan chinh hé thong may cit co st dung co cau truc bim véi kha ning
hoat dong hiéu qua trén dia hinh gd ghé va doc nghiéng dén 35° db.

May cit co banh xich duoc khién tir xa bang séong RC, gitip ngudi van hanh dé
dang diéu khién tir giam strc ngudi ngdi trén Xe.

Co céu banh xich 13 vu diém lén dbi voi viée don c6 & cac dia hinh gb ghé khong
bang phing.

Co céu cit dang truc bam véi ludi dao thép SS400 duge bd tri hop 1y, dam bao
kha ning cit cac loai c6 thAn mém va than ctng v6i hiéu suét cao.

Bén canh d6 nhém tién hanh mo phong luc tac dong, do bén két cdu khung va hé
truyén dong bang phan mém ANSY'S da gitp toi uu hoa vat liéu, dam bao hé s6 an toan
phit hop cho hoat dong ngoai thuc té.

Mic du dd an con mot s6 diém can cai thién nhu toi vu hoa khoi luong toan bd
may, nang cao do chinh xac diéu khién va kha nang chéng nudc cta cac linh kién dién
tir, nhung nhom tin rang san pham da phan nao dap tng duoc cac yéu cau dé ra vé mit

k¥ thuat va tinh tng dung thuc tién.
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