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CHYONG 1. TONG QUAN VE TOI 'U HOA HE DAN PONG CO' KHi

1.1. Tbng quan vé h¢ din dong co khi

Trong thuc t& san xuAt, chuyén dong thudng bt ngudn tir dong co dién—

thong qua hé théng truyén dong- dén-bd phan-cdng- “the. D& nang cao ning sudtva

hiéu qua kinh t&, k¥ thuat, dong co dién xoay chidu két hop voi hop giam t6¢

thuong dugce st dyng trong thye. ti&n san xudt. Dong co duoc st dung laloai . .

_dong co ¢b cap toc do. cd dinh. Tuy nhién trong thuc té, chuyen dong co hoccua

cic may thuong yéu cdu gia tri cong sudt va toc d6 ngoai khoang gia tri tleu

chudn d6. Vi vdy, cdc dong co dién thuong khong truyén cong sudt tric tlep

- *"'ﬂruyen*d@ﬁg*ph’trhopfSef glup——ﬂh—a%an—xuratfkhakthacﬁdugcgtoLdaLtth:la,ng lam

ngay dén bd phén cong tac ma phai thong qua thiét bi thay Goi cong SUAT va 1i 50
truyén. Céc thiét bi nay duoc chia thanh hop giam téc va cac bd truyén ngodi.

Tuy thudc vao két cAu ciing nhu kha ning lam viéc, qud trinh lya chon thiét b

[V S N7

viéc ctia ctia hé thong dan dong,.

1.2. Phén tich vé hOp gnm ¢ SR

_ e ____'i

Hop giam tde 1a mot bd phén trong hé théng dan dong, c6 sur dung cac bd

truyén dn khdp truc tiép nhu banh rang hogc tryc vit ¢6 bd tri tlong mdt t6 hop
biét lap vot cac bo truyén bén ngoai. Vi cc uu diém nhu ti s6 truyén khong
dbi, tudi tho cao, cach stir dung don gian, hop giam téc su dung rong rdi trong
nhidu nganh céng nghiép (co khi, luyén kim, cong nghiép dong tau ...).

V& co ban c6 thé ph'm loat hop giam td¢ sir dung bd truyen banh réng theo
cac dic didm chu yéu gom:

- Theo sb cip truyén dong: Mot cap, hai chp, ba cp ...

- Vi tri twong ddi ctia cc truc trong khong gian: Nim ngang, thang dimg. ..

- Theo loai truyén déng trong hop: Hép giam toc banh ring try; hop gidm
tdc banh ring con hodc ¢on - try, hop giam tde truc vit, truc vit - banh ring holc

banh ring -truc vit; ...




Ty vao dic trung timg loai két cau ma moi loai hop giam toc s& c6 uu

nhuoc diém riéng va c6 pham vi sir dung khae nhau.

121 Hppgiimtbchinhringtra |

Puoc dimg TonE T dotuoi tho-va-hitu—suatcao, két¢bu
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Hop giam toc banh tang tru dugt diing rong rai hon ca do tudi tho va hiéu ]
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suat cao, két cau don gian, cé thé st dyng trong mdt pham vi rong cua van toc L

va tal trong.
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Yoai ring banh rang trong hop giam toc cd thé [a rang thing, ring nghiéng

hodic ring chit V. Phin 16n cc hop giam tde'str dung banh ring nghiéng vi kha

MANg t4i |07 Non va VAR toc [am viec cao Tom so vol cdc banh rang thang. Doche

cdu truyén tai 16n va khéng cho phép lue doc truc 16n tac dung lén 6.
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Hinh 1.1 So dd cac loai hop giam tdc banh rang tru [1]

V6i cdc hdp giam tde banh rang try, cc bd truyén banh rang s& duoc b6 trf
theo ba dang: So dd khai trién ( Hinh 1.1 a, b, ¢, g), so d6 ddng truc (Hinh 1.1 d)
hoic so db phan dai (Hinh 1.1 e, h). Trong HGT phan déi, tai clp phan doi, md
men xodn dugc tach déi. Khi dé, khoang cach truc, chidu dai HGT nho hon so

vO1 hdp khaj trién nhung lai lam tang chiéu rong HGT.




1.2.2. Hop giam toc banh rang cén va con-tru

Hop giam toc banh rang cbén duge st dung khi cén truyén chuyén dong

 quay gilra cdc hé thong co fruc dau vao va tryc dau ra khong song song (goc

gilta cac truc thue ong 13 90°). Trong mét sb tr u(mg hop voi hop glam tbc con-try

ba cp thi cdc cip banh ring tru ¢b thé bb tri dang so dd khai trién hodc dong

~ truc (Hinh 1.). |

Nhuoc diém cuia hop g1a1n the banh ring con - tru la:

- Gia thanh ché tag cao ( cin co thiét t b1 dé ché tao banh rang con va vo

hop) . ' _ , |

-z Hhp ehépkhd khin (do bo truyen banh rang com rat- nhay voisukhéng - ———

- tring-dinh cla-cdc mit cOn lan),

- Khéi luong va kich thude 16n hon so véi hop glam toc banh rang try.

DU ¢6 nhitng nhuoc diém nhu vy, trong mét sd trudng hop yéu vé két cau

van phai sir dung duoc sir dung trong thuc té do két cAu may nhiéu khi ddi hoi

cac truc vao va ra phai dugc bo tri vuéng goc véi nhavn. — — o

2)

Hinh 1.2 So dd hop giam tdc banh ring con va cdn-tru [1]

1.3. Gibi thigu vé& cac bd truyén ngodi

Céc bd truyén co khi ngoai hop duge sir dung rét da dang cé thé gom bo
truyen xich, bo truyen dai ... Cac bd truyen ngoai thyc hién cac chiic nang nhu:

- Bam bao truyén dong gitia cdc truc xa nhau, khodng cach truc khong cén
chinh xac. ‘ .

- Bam bao ti s6 truyén tir ddng co dén bd phin cdng tac ma hop gidm tdc
khéng dam bao duoc (vi ti sb truyén hdp giam tbe ¢6 gia tri tiéu chuan),

- Pé phong qué tai.

- Giam rung dong tir ngudn truyén cong sut vao hé thng truyén dong va

bd phin cdng tac.




Vi véy, viée sit dung bd truyén ngoai kha quan trong trong qua trinh tinh
todn va thiét ké céc hé thong co khi. Sau diy s& gidi thiéu vé hai loai bd truyén

ngoai thdng dung va duoc.dung pho bién nhét trong thyc té: bd truyén dai va bo

truyén xich.

-—————— L4 Thiétké toiwuhé din-déngeokhi— — — —— —— — ——

Do dugc st dung trong hau hét cac nganh cong nghiép, viéc lua chon sir

"';'dfl_l’l’]'ig bffp’hé:m tlﬂyéﬁﬂﬁﬁgﬂﬁng Vaitror éﬁqﬂ?ﬁﬁ ong.— —— — — 7

Béang 1.1 Ti s6 truyén nén ding va ti s6 truyén gidi han clia mot s6 b truyén [1]

e . iTisb_ . S ISR -
Loai truyén dong truyén nén Tiso-truyen
— gioi han
dung ’
Hop giam toc banh ring try:
-1 clp 1,5-8 1-11 o
-2 chp . 8-40 - - 4-60-- | - ———
-3 cdp 31,5-180 25 -326
“Hop g te banh ring cdm t———1=5 1-8 1
cip E
Hop giam toc banh rang cén - g-31,5 6,3 - 40 3
e o
| Hop giam e Tuc Vit I ¢ap ~ |77 8=60 |7 6,580 T T T T T )
Hop giam tbc truc vit 2 chp 300-800 42,25 - 3600 ;
| Hop gidm téc banh réng - truc 20-315 14,6- 480
vit
Hop gidm tdc truc vit - banh '20-315 14,6- 480
ring - _ _
B6 truyén dai . 1,5-4 1-6
B§ truyén xich 1,5-5 - 1-6

Néu lua chon va dua ra duge phuong én str dung hop giam toc va bo truyén
ngoai phi hop c6 thé dem lai hiéu qua t6t doi voi ca hé dan dong ma véan dam
bao duoc yéu ciu lam viéc ban dau nhu thu gon kich thude, gidm nhe khoi

lugng hé, hay giam thiéu tiét dién ngang, giam gia thanh ctia toan bd hé thong. ..




Do vay vide thiét k& t6i uu ca h¢ théng hay thiét ké tbi uu tlng bd phén (hdp
giam toc va bd tr uyén ngoru) c6 y nghia rat quan trong.
Ti s6 truyén la thong s& dic trung cho su thay doi téc d6 va md men xodn

glua truc dau vao va truc déu ra, day 12 mét trong nhiing dic tinh k¥ thuét quan

trong nhit trong qua trinh tinh todn thiét ké. Nhu d4 trinh bay & phin 1.1, cdc b

—truyén va hop giam toc 6 két cau khac nhau-thi-ed pham vi ti sé truyén khac —— |
nhau (Bang 1.1). ’

~T&iwu hoa hop giam the: .~ - G|

Cho dén nay d3 c6 kha nhidu cong trinh nghién ctru vé thiét ké toi wu hop

- giam-tbe eling nh-thibt ké t6i vu cée bd truyén ngoai hop.. Irong qua.trinh thiét

,,,,7ﬂjulec phan phéi t6i vu ti s6 truyén 1a ndi dung cé y nghla quyét dinh. Thao

tac nay anh hudng truc tiép dén tinh chit ctia hop giam tée nhu kich thude hdp, -

khdi luong cic cdp banh rang trong hép, diéu kién béi tron... Pdc biét, khi phén

phéi ti s6 truyén cho hdp giadm toc nhiéu cap ta con cén quan tam dén loai hop

dé cd két cau hop ly...
Pi ¢6 mot sé nghién ciu ve tdi uu héa phan phdi ti sO truyén cho cac loai

—hop tc dtfrtﬁprtrurrgvé*o*cécwén*défthiétfkéfve’rﬁﬂ—hftoérrhépséf[%]—;é}}hfhuémgﬁ—;-—

clia toc do gbe dén hoat dong cia hé théng truyén dong dai chii V [3]. Phan bé) 3
v 3 A A an L . , LA . A X 3
luc cing trong nhiéu bd truyén déng dai chit V [4], tinh toan to1 wu ti sO truyen Fe

cho hé din ddng ding bd truyén dai [5]. T6i uu hoa cau tric cta bd tryén xich

VOl cac rang buoce 6], 161 wu hoa cac thong $6 thict ke elia bo truyen xich {710 —

Thiét ké t8i wu hp tang toc banh ring try rang nghiéng hai cip khai trién dung
cho mdy phat di¢n stc gi6 truc ding [8], tinh todn phén phbi tbi uu ti s& truyén
trong hé banh rang n cdp thda min cdc rang bude vé ddng hoc va dd bén [9] hay
phan phéi ti s6 truyén trong hdp giam tde truc vit-banh ring tir mot s6 tiéu chi
nhu thiét ké hop giam tée c6 khi ndng boi tron ngdm dau, hop giam tde ¢d kich
thudc nhoé nhit theo chidu dai, hop giam tde ¢6 khdi luong nhéd nhat [10].

Viéc phin phéi ti s6 truyén cho cdc loai hdp giam tdc theo cac tiéu chi dau

vao di duoc thng quat hda va tiinh bay dang bang s6 va do thi tao thuan loi cho

nguoi thiét k& 111, 12], [5], 18,9,10,11,12,13,14]. V& co ban, cac yéu cau thuong
gip trong qua trinh phin phdi tbi wu ti $b truyén cGa hop gidm tdc theo cée tiéu
chi ciia nha san xuft nhu: |
* Phdn phoi ti 6 truyén theo yéu cdu gia céng vo hop
Viéc théng nhit kich thudc vé hop tao thuan lgi cho viée gia cong hop

giam tbc tiéu chudn, tor do giam chi phi gjla LOD;:, khuon va gl thfmh ché tao.

e ————— s_. R - . . —————— e —




Trén co s& d6 ti s6 ctia khoéng cach gifta cace truc cap cham va cap nhanh dugc
chudn hoa dé dua ra phuong 4n phan phdi ti s6 truyén.
. Phdn phoi ti s truyén theo yéu cdu boi tron. .

B6i tron ciing dong mét phan khong nho frong qué trinh thidt ké. Deé b6i -

tron viing an khép cia cac cdp banh ring trong hdp giam toc, ngudi ta tinh toan

-~ ——d&chc banh 16m duge nhiing déu vao-dau-va-hrgng-diu- bériwtflrgrpnhéfnhét: Q3 T E—— |

s duong kinh gitta banh 16n cc cp dwi/dy=1 thi hop giam toc véi so do bd tri

trong Tt phing ndm ngang s& dugc boi tron ddng déu, dong thoi-kich- thude-

chiéu cao hép giam tdc s&€ nho nhat.

e X Phanphdi ti $O.-truyén theo yéu cdu khéi lwong gon nhe.

Vi cac hop_giam toc banh rang tru loai ndng thi chi tiéu vé kich thuée va

khéi luong lai co ¥ nghia quan trong. Liic nay nén phén bd ti s6 truyén cho cac

cap xuét phét tir didu kién tdng khoang cach truc 1a nho nhét.

-~ Phuong phép d5 thi 1a phuong phép duge sir-dung s Gm nhat. N6 dd dugc dp

Cho dén nay, TST tdi uu cda cac cép cia HGT duge xac __dinh nh¢ moét
trong 3 phuong phéap sau: Phuong phap dd thi, phuong phap “thuc & va
phuong phap md hinh hoa. ,

dung kha nhiéu trong cic nghién chu trude day nhu trong [1], [2] va [9,10]. J
Trong phuong phép nay, TST cua cac cap duge xac dinh nho dé thi. Vi dy trén )
" hinh 1.6, TST cua cic bd truyén cép T va 2 duge x4c dinh theo TST chungetia ;
hop nho d6 thi trén hinh. Sau kKhi xac dintiray vaug, TST vy et cap thir 3-s&xac—— —
dinh theo us=uy/(u*uy). . ;_‘

Mot phuong phép khac dé xac dinh TST ti uu cua céc cép ctia HGT 1a

phuong phap “thuc t¢”. Phuong phap ndy do G. Milou va cic cdng sy [13] dé
xuét. Thuc chét cha phuong phap nay 1a TST tbi uu duge xac dinh dya trén chc o
két qua thdng ké tir thye tidn, Vi du, to s6 liéu cia cac hing san xuit HGT, ~ |
Milou [13] thdy rang véi HGT banh ring tl'L_IIZ cp, khéi lugng cia HGT 12 nhé
nhat khi ti s giita khoang céach truc ctia cép cham véi khodng cach truc cla cp
nhanh nim trong khoang 1,4 dén 1,6. TU nhan xét do, TST tdi vu cla cac cép

ctia HGT da duge dé xuét dudi dang bang.
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Hmh 1 7 Quan he gitta TST cac C'lp va TST chung cua hop tr ong
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Phuong phap xéc di nfi TST 61 tu el mlmt'mﬂdy &

phuong phap md hinh hoéa (model method). Ngi dung cia phuong héap nay la
XAy dﬁ'—cac—ccrrgihuc—c’[frmrh toanTST-tbi-wu-dua-trén-viée-gidicac

bal toan

t01 uu. Cac TST 51 uu duoc xac dinh theo cac ham myc tidu khac nhau. Ham

myc tidu co thé 1a thé tich cia cac banh ring la nhé nhét, dién tich tiét dién

neang cua HGT la nhd nhét, chiéu dai cia HGT |4 nhd nhét, khdi lugng cac

banh rang la nhd nhét, hoic khéi luong cua HGT 1a nho nhét [5, 8, 14].
o Mot s6 vi du cy thé vé phuong phap md hinh hoa nhu sau:
- — —~ VY¢i HGT banh rang try rang ngh Lénglcép,J‘SLté’imchua bd truyén

- bénh-ring-cip-chim ., c6thé xac. dinh theo cdng thue sau nhim dat tiét dién

A

ngang ctia HG'T 1a nho nhét [14]:

: 7
i, :;H———(’f il .y,
0,96 -y,

Vi, ¥p0 VA Wy 12 hE 30 chiéu rong banh réng cua cdp thir nhat va cap tha

2 cia HGT; u,1a TST chung cia HGT. Sau khi xac dinh duge TST cia bo

(1.1)

truyén cip chim u,, TST ctia bd tr uyén cép nhanh s& dé dang tinh duoc theo
u, =u, lu,

_ Véi HGT béanh vang tru ring nghiéng 3 cip, TST @i uu cva bo truyén
banh ring cac cap dugce xdc dinh theo cdc ham muc tiéu khac nhau [14]:

+) Véi ham muc tiéu-chiéu-dai-cua HGT la nho nhat, TST cia bd truyén

cap 2 va cip 3 xéc dinh theo cac cong thirc saly | 14]:

W\ pw




0.4397 0.4398 0.2677
K W 1
—~ ) Y ha2 L h
Uy = 1.3503 0.1341 0.1342 0.3056 (1.2)
3 ha 3 bl
7 7 04395 W 04396 0. 1201
— i &) T had Hy
: u, #1.3287 - s Gaig onn (1.3)
— S — S A( 2 —{/r{bu}—r— ¥ ha — - — — I —— o

+) Véi ham muc tiéu dién tich tict dién ‘ngang ctia HGT 4 nhd nhit, TST

2

clia bo truyén cap 2 va cap 3 x4c dinh theo ca ﬂcm*rgmu’c sau | H——

_ Jr),Y(')fi ham muc tidu khdi lugng banh rang ciia HGT [a phéinhé’q; TST clia

bd truyén cap 2 va cap 3 xac dinh theo cac cong thirc sau:

*’7;’673%1?“" —
2 2533
Uy ~1.3104. —( u}].h

~
w =

]0155 -

702402
CC2

(1.6)

KOt a0 028as
. bal ' !
7 e -ty #0134 — e T AL A (1.4). ——
JLC‘3 P ba3 SV bal -
04279 | 0428 01423 :

K 7 u

1 e Q, ~cl T N _

iy =1.0269 02854 02854 0.1426 (1.5)

I7a :

el ¥ hal ¥ bal

A

e a2 3417 - . }j” e

an

Tém lai, viée lwa chon hdp gidm toc phu thude vao rat nhiu yeu to: ti sd

truyén chung ctia ca hop, yéu cau va diéu kign lam viéc, yéu cau che tao va lap

ghép... Trong dé tai nay, tdc gia lua chon loai hop giam toc banh ring try rang

nghiéng-ba cip dé tinh toan 161 uu do nhimng uvu diém dic biét cta loai hopnay - _

s0 voi cac loai hop giam tde khac da trinh bay & trén.

1.5. Két ludn

TUr phan tich nédu trén dé thiy rang, dén nay di co kha nhi€u cac nghién ciu

vé thidt ké t8i uvu hop giam tdc cling nhu hé dan dong co khi. Tuy vay, 6 rat it

nghién ciru vé quan hé gilia cdc thong so thict ké voi gia thanh hé dan ddng co

khi st dung hop giam toc banh ring try 3 c¢ip dé dat duge gid thanh nho nhét.

Do véy nghién ctiu “Anh hudng clia cic thong so thict ke dén gia thanh h¢ dan

dong co khi dung HGT BR tru nhidu cép” 12 cin thiét.

— _. IR 8_. _ _
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CHUONG 2. CAC PHUONG PHAP TO1 UU HOA

2 1 Cac phuong phap glal bal toan toi wu don muc tiéu

Do bai toan t6i uu héa di dua ra déu chi yéu cau toi uu vé khoi lugng to

— mdt bo cacﬂ(etquar dau vao nén ddy-la céc-bai todn tdi-uu-hda don muc tiéu

nhleu bién sb.

~ Pé gial bai toan t6i v dcm myc tidy; ihidu-phuong phéip-da-duge d8xubt

va nghién clru. Mot s6 phirong phap thong dung duge su dung kha rong rii gdm:

% Bai-toan-quy-heach- tuyen tinh:- e R -

Céc bai toan dang nay yéu cau x4y dl_mg chinh xac ham s6 dau ra roi khao

sét x4c dinh cuc tri cia ham sb d6, thong thudng cac bai toan ndy thuong ding :

khi ham dAu vao don gian va d& x4c dinh. C6 2 phuong phap co ban dé giai bai

toén dang nay la phuong phap d6 thi va phuong phép_bié_'n ('féi- don hinh.

* Bai toan quy hoach phi tuyén:
Céc bai todn dang phi tuyén thudng c6 cdu trac phtc tap va thuong dugc

giai bing ph’tl'Urrg’phz'qfrldén thiét nghiém; nghiala-xay- dungphueng phap g1a177wm
béing thuit toan: Xudt phat tir mot gié tri bt ky trong mién khao sat, ta cin i

ham muyc tiéu dé kiém tra diéu kién t6i wu. Néi chung, bang cach st dung thuét

toan, cac ngh1émﬂ tim duwoe chi m'mg tinh xap xi voi do chinh xéc cho phép.
Phuong phéap nay thuong, st dung dao ham riéng ¢cho ¢ac ham 1 nhicu bién; trong -

do6 vector Gradient yéu ciu xic dinh dao ham béc nhét. Ma triin Hesian cén xéac ﬁ

A

d

dinh dao ham béc hai. Khai trién Taylor c6 thé st dung véi ham mét bién hoic

nhiéu bién.

21 Phu‘or.rg plmp do thi

Phuong phap dd thi dua ra cic két qua clcmgj dd thi, ¢6 tinh truc quan, dé

hiéu, cac gia tri tuy nhién c6 nhugc diém 1a phuong phap nay chi giai duge
nhitng bai todn don muc tiéu co hai bién déu vao, doéng thoi yéu cau ham don

muc tiéu can giai ciing da duge xdy dyng tir trude.

2.1.2. Plurong phap bién (Téi don hinh
Phwong phdp nay duge dua ra boi George B. Dantzig vao nam 1947. Day
1a phuong phap phd bién va kha hiéu qua khi giai cdc bai todn quy hoach tuyén

tinh. V&i phuong phép nay co thé giai bal todn t6i uu voi ham dau ra dén hang

JE— - [P — - —_ I() . . __._ ——————



nghin bién nhung cling yéu cdu ham don muc ti€u dau vao dugc xady dung tur

truée.

Phwong phap Gradient duge Gng dung kha rdng trong viée gidi cac bai toan

k¥ thudt bang viéc khdo sat d§ débc-ctia ham-so-qua dé xac-dinh-eyc trf cua-han - — |

C6 thé md ta phuong phap nay dang todn hoc nhu sau:

~ " Cho ham muc Gifu (%) v0i n bién: Xi, X2, X3,---, Xn. Khi d0 vector Gradien

!

B * . S
Gf_la_.ham_..f(x)_tai.di.ém...xf bét ky 6 dang Vf(x)z af(x_)z@_‘a(ix),’afagx ) o, VoL
B 7<) i
=la cac
ox,

gi4 tri dao ham riéng cua f(x) voi
bién-x; tal x*.Vector ndy s& vuodng

goc voi mat phéng tiép tuyén cua f(x)

tai x* va chira dd dbc cling mhu xu
huéng thay doi ciia ham s (Hinh
2.1). Phuong phép nay cho phép xac

dinh cyc tri nhanh chéng do véc to
Gradient s& chi ra huéng tang hodc
giam nhanh nhat cia ham muc tiéu tai

x*.

Phuong phap nay chuyén tlr bai toan tim cye tri cua ham f(x) thanh giai hé
cac phuong trinh dao ham riéng cla ham f(x)vét tung bién so. Phuong phap
Lagrange cling cho sy hdi tu nhanh, tuy nhién khi so bién 16n thi rat phuong

phép nay rat kho dé biéu dien duge cdc dao ham dudi dang giai tich, qua trinh

2.1.4. Phuwong phap Lagrange

f(x1.%2,%3) tal x*

giai cham hon phuong phap Gradient khi cho cung s6 bién déu vao.

Phuong phap nay kha hitu ich. Thuc té, day la mot thuét toan cho nghiém

t6i wu co rang bude cho mét 1ép rdng céc bai todn thyc tien voi thudt gii don

gian, dé 1ap trinh trén may.

== - Hinh 2:1-Vector Gradient-clia— ————— -

L




vige tim cuc tiéu clia ham mot blen NoI dung

2.1.5. Phuwong phap lat cdt vang
Phuong phap lat cit vang rat hiéu qua cho

] "—h‘\
=
o

cua phuong phap ndy dugc miéu ta nhu saw:

Cho trude mdt ham f(x) lién tuc xac dinh, gia

~gir ta can tim mot nghiém x*-cuaf-sao-cho -

~ dioc mot gia tii XTI, sao cho f(x)>0 va mét— = S

f(x*)=0. Néu trong khoang gia trf clia x ta tim

>
—_

- tim-s&-ndm-trong khoang gitia ching (mién 1a. .~ Hinh 2.2 Khoang (x1,xp) bao

gid tri x» sao cho fi(xz) <0, thi nghiém x* cén f(xz)

*____f_he]lj],;ljﬂ Luc nay ta ndi x; va X, bao lay Tighiém

nghiém (Hinh 2.2)

Thuét toan tiép dién véi viée chon mot

— gid tri x3, O gifta xi va xa. Néu f(x3) > 0 ¢ -
thi ta co thé 14p ra mot cap mai (x3, X2) f(xy) T
bao TAy nghiént Néuf(x3)-<0-thi-edp * E f(xs)
(x1,X3) s€ bao ldy nghiém. Bang cch nao :E i T E,
di nita thi khoang bao cling s& dugc thu 'i E i '
: 777Hép712; va uéc doan cla fa vé vi uf - 1 i —— _—
~ nghiém tro nén chinh xac Y575 T A o7 e S —
Phuong phap lat cét vang dugc tién Hinh 2.3 B0 ba bao cyc dai (x1,X2,%3)

hanh véi bo ba gia trj nhu Hinh 2.3:
f(x) dd dugc tinh tai ba vi ti X, X2 va X3, vai x» 14 diém c6 gid tri f(xz) Jon
nhat Nén f(x) lién tuc, thi cd it nhét 13 mot cue tri dia phuong giffa x, va X, ta

két luan bo ba (x. X2, X3) bao ldy mét cuc dai. Sau do ta chon didm x,, 101 tinh®

f(x4) dé khao sat. C6 hai két qua cb thé x4y ra nhu hinh Hinh 2.4:

f(X4)
f(x2) f(xz) o
fox) 1 f(x4) fx) % |
R v
I I
X4 X5 Xq4 X3 X1 X5 Xs  Xa

P — ——— S 12 . 7 o . :_.._.__ ———




Hinh 2.4 Cac truong hop nghiém cia f{x4)
Néu f(xs) < f(x7) (hinh bén tri), thi bo (x1, X2, Xa) bao 1Ay cuc dai. Néu f(xq) >
f(xz) (hinh bén phfu) thi-(x2, X4 X3) bao lay cuc dai. DU v6i cach nao di nlra thi

khoang bao cling thu hep lai va uGc tinh gia tri cyc dai cua X' cang chinhxac™

hon.

“Tiép tuc qua trinh nay nhiéu 1an ta —sér—tim——duoefmétfcuc,tl‘lwd'afphuang_,,ﬁ,é, R

g1am bét s6 lan danh gla thi cach tét nhat dé xac dinh gid tri clia X4 la su dung

~phu-Hinh 2.5:- . _ o

_Néu_bam (x) tdn tai cue tri trén [a, b] thi ta cd thé tim gla Tt} 4o co the Xay 13,

thay thé khoang dé cho bing mdt khoang con ma f(x) chira gia tri cyc tri do. Ta
b)

—lﬁy_then’l_hal_dlﬁl’ﬂ—c—b—l——(———v-a—d a+u1:QI_SD_SEUJb_f(_C_)L(Q)m<C—

@ P

< d < b nén s& cb hai trudng hop de xét 1<110angc011 khio sat uep theo duge chi

ra trén: Néu f(c) < f(d), ta chon khoidng khao sat [a,d]; Néu f(e) > f(d), chon
— khoang khdosatlae,b]— — — '

by f(c) > f(d)

s

Hinh 2.5 Phuong phap lat cil vang

- 2.1.6. Phuong phap tim kiém trie p
Phuong phap tim kiém truc tiép duge dé xuiit vio nam 1961 bdi Robert
Hooke va T. A. Jeeves [12]. N¢i dung cua phuong phap nay la ¢ mdi budce chi
bién déi mot bién, con cac bién khac & nguyén cho t6i khi nao dat gia tri cuc
tiéu (mg vi mién bién da thay ddi thi moi ddi bién. (Qué trinh nay xét cyc tri
v&i todn b cac gia tri ¢o thé khao sat clia céc bién). Dic diém cia phuong phap
nay don glan khong cin xay dung ham dAu ra ma két qua la tong hop tit cc
phép thay s& va bién dbi. Tuy vy, do phai khao sat voi nhidu bién véi céc sb

hang trung gian nén khao sdt tinh hoi tu 1au hon so v6i cac phuong phap khac.

PV T




2.2. Lua chon phwong phap gidi bai toan t6i wu da muc tiéu
Qua phan tich va so sanh céc phuong phép, tac gid lya chon phuong phap

~ Taghuchi két hop v6i phén tich quan h¢ xam dé giai cac bai toan toi uu. S§ di

nhu vay 1a vi phuong phép nay cho phép giai don gian, délhl_,l_chlén vatﬁlh_oa

duoc nhidu bién. Trén co s& so do giai thudt nay, tac gia xdy dung duge chuong

~trinh con dé giai bai todn t6i wuhéa.

b
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CHUONG 3. XAC PINH ANH HUONG CUA CAC THONG SO PAU
VAO PEN TY SO TRUYEN Ul CUA HOQP GIAM TOC BANH
- RANG TRU 3 CAP NI*_I_AM BA1 GIA T[IANH NHO NHAT

3.1 Giéi thiéu vé cAc ham muye tiéu

Voi he dan dong co khl dung HGT banh ring try nhiéu cap, khi tinh foan

u thé: Gia thanh ctia hop glam t6c

tdc 16n nhﬁt

Trong cac ham muc tiéu néu trén, ham muc tiéu gia thanh cua hé dan

.~ ... .d6ngnho nhat 14 ham muc tiéu duoc nhiéu ngudi mong muon nhﬁt Tuy nhién,
~ T Viée gil bai todn nay rét phuc tap va dén nay van chuac6-nghién-clu nao vénd

cho hop giam tdc banh ring tru 3 chp. Chinh vi vay, nghién clru nay da lya chon

ham muc tiéu tiét gia thanh cta hop giam Lo¢ nho nhét dé giai bai toén toi uu. :

1

_ | ) ;
~— 3.2 Phwong phap toi wu anh hépgidmtoe

—phé whit - - - SRR e e em e

A

3.2.1 Céich xdc dinh gid thanh ciia 03 cdp banh tru riing nghiéng

trong hop giam toc banh ring tru 3 cap

Trén thyc thé, gn thanh ctia 6 bi, banh rang va truc anh huong Ion dén gia thanh
7 cuahop giam tde. Do do, véirmot hop giany tde banh-ring tru3 cép thi gid thanh . _ __ _

C.» duge tinh boi cong thive sau:

Cyp = Cq + Cgr + Cs +Cy | (3.1)

g

Trong do, Cys 1 gid thanh cta hop giam loe, ', 1a gia thanh cua banh 1ang, Con
la gid thanh cua vo hop, C, la gia thanh cia lrue va Cp 12 gjm thanh cta 6 bi va

duge xdc dinh boi cae cong thire sau:

Cy = Cgm " My (3.1)
Cgh = Cohan " Mgh (3.2)
Cs = Com * Mg (3.3)




Cp = 2 Xi=1 Cnyi (3.4)
Trong d6, Cy, 12 gid trén mot kg banh ring (USD/kg); my ja khbi lugng cta

_banh ring ¢ trong hdp giam 100 (kg).
Trong d6, Cenm Csm 180 lugt 12 gid thanh clia vé hop va trac ciia hop giam toc™

(USD/kg) Va Mg, ms (Kg) tuong tng la khoi lugng clia vo hop va tryc.

~ “Trong d6, Cp; gid thanh 0 Bntai truc thorl. — =

e 322 Xae dinh khéi liwong-cila vo hop eidam toc

A

=]

o

Ly

Fr) ) Ii

- .
!
o ' 4 S ; - -
] ¥
. ] '
y I )
3 'f; b daw e
dwy dwpy |~ e UL R 1L

Hinh 3.1. Sor do tinh todn hép giam t6¢ banh rang (i 3 cdp
Khbi luong vo hdp (my) duge xac dinh bot:

(3.6)

= o
”f.t"h - p,\,'!l T‘qh




Trong do, py, 1a khoi luong riéng clia vit Lidu fam vo hop (kg/m*), vat liéu la
gang, p,=72(kg/dm’) [15]; Vy, 1a thé tich cia vo hop (m*). Ta xdc dinh theo

hinh 3.1. Cu the:

V., =20, 42V +2:-¥ - (3.7)

uh AZ

 Trong do, thé tich elia day vo-hop-# (kg) V,va V. [a (hé tich cua 2 bén Ay va-

As (kg); — R

 y =LBelSeSe o 55) -
Van =L 15 | (3.6)

B H-Se=(B 2SN H-S 0 (7 e ——

- Trong d6, L, H, By va Sg dugc xdc dinh bai:
Thay (8), (9), va (10) vao (7) ta co:

¥
oy}
N

4

oo
~

Von =3 L By Sg ¥ 2 L H Sg# 2 (Bi=27Sg) 1

. Trong dé, L, H, By v Seduge xdc dimh boi:

L= (dyi1 + dwz1/2 +dy12/2 + dyz2/2 + dy3/2 + dyoa/2 + dyia/2 +

dpoe + 200 * (3.9)
H =max(d,,, dyp, das, dag) + 6.5 S (3.10) :
By = max(bya,bus) + max(bys, bus) + 6 Sg (3.11) :
o S.=0005.L+45 _ . . e

3.2.3 Xic dinh khoi lwong ciia banl ring

Vi hop giam t6c banh ring try 3 cip, khoi luong cua banh ring dugc xdc dinh

boi: e

Mg

= Mgy + Mgz + My (3.13)
Trong d0, Mgy, Mgy va Mys la khoi luong ctia cip banh rang 1,2 va 3 (kg).

Khéi lwong ctia banh ring thiri (i = 1 + 3) duoc xac dinh boi cong thirc sau:

_ _ ey dl by | Teadls i bwi
R e (3.14)

Trong d6, p,1a khoi lugng riéng cua vét licu lam banh ring (kg/m?), voi vat ligu

1a thép, p, = 7.82[ 15]; ¢hé s0 k& dén anh huong thé tich ctia cip banh rang thu

?

—
™~




nhét; e, hé sb ké dén anh hudng the tich cia cap banh rang thir hai; Ta lay e =

1, ¢,=06 [1]; &, la bérong vanh rang banh mdt (mm), by = Xpai * Awi

3.2.4 Xuc dinh khoi wong ctur tric

o ’**”Kﬁéﬂwga’]m@mydﬂQ(TXE'IC*(’ﬁﬂh’bé"'rf‘«éﬂgthﬁ‘e% ——

T T T — e M , (2-15)
: ms = Zi:l Msi =

In which, my; is the mass of shafti (i =1 + 4) which can be found by:

- T:Y-!:;i:_}_o;_ .TT T-d;zl"- ];}./4 e e i e o __ [ ..(_3_._1_6.)_ - __..._____._
Trong d6, mg; la KhéT Tuong ctia try thir 1 (Kg); ps 18 5rtrong rigng clavat——
lidu lam truc; pgp = 7.2 (kg/m3) [15]; L5 1a chiéu dai cta tru ther i (i = 1+ 4) B
_ (Hinh3.1) |
__77 ) 7.77 . _ i lSl — B1 + 1.2 ds]_ | - - - (317) _ -
lo) = ls3 = B, 1y -
_— | . Ly =By +1.2-dg, ) . (3.19)

Thém nira, dg; 1a dudng kinh ctia tryc thiri (i'=1 + 4y

dg; = [T1;/(0.2 D)3 | (3.20)

~In which, [r] = 17 (MPa) is the allowable shear stress [1].

3.2.5 Xae dinh khoang cich truc

Khoang cach true thir i duge xac dinh bor | l']:

ay = kg (g 1) Ty Jesp /([ - Wi ~ Xpa) (3.21)

Trong do,
- K,, Hé s0 tip trung tai trong trén moi ring, k,, =1.02+1.28[12], ta 1ay &, =1.15;

- lo,] latmg suéit cho phép (MPa). .

-k, hé s6 anh huong cda vat lidu, voi thép, =43 [1);
- x, hé s6 chiéu réng ring.

- u, tis6 fruyén ciia bd truyén tha 1.

_ 7, Md men xoan trén truc i (Nmm); Duge xac dinh bot:

[ I BT

e , s

'Y S 1




T,
T, = r , ‘ 3.22
U H ;(ua le nb;‘) ( )

Bucmg kmh banh rang thir i step (L =1+ 3) duge xdc dinh bdi [1]:

dwu =2- aWL / (u1 +1) T @323y T
dwr),' =2 Clw,' /(U,L + 1) (324)
3.2.6. Tinh gid thanh 6 bi
*—-G4aihanh & bi cha truc thiri Cy; duorc xdc dinh béi [16]:
Cpi = Kep * Cpymi 7 (3.25) o
Trong d6 Cyila gia thanh ciia b bi (USD) duoc xac dinh béi [16]:

S cbm,_02707 N2; —1.2566 * Ng; + 3.3056 _ . (B26)

~3.2.7 My tiéu t6i uu hoa

Muc tiéu dit ra [a ham Cy, dat minimize dé giam gia thanh: ;
— —— Tunhitng phéin- tfclﬂrbeﬂdﬂenﬂﬂee%a%fhﬂbﬁtksgimymm QO_dUQC_gLi b
: ‘thanh hép nho nhit dugce xdc dinh boi ham t01 uu sau: ;

Minime Can | (3.27)

Thoa man diéu kién rang budc:

1<uy; £9 ! | (3.28)
~ Trong do i_l_;i__c_ﬁpt;hg =1~ 3).

3.3 Thiét ké thi nghiém

Dé danh gia anh hudng cia cac thdng sé diu vao dén ty sd truyén ui clia hop gidm the
nhim dat gid thanh nho nhét. Mot thi nghiém mo phong dugc thiét k& v6i 12 thong so
diu vao va cac mire khao sat duoc lya chon nhu trong bang 3.1. Nhim muc dich giam
bot s6 luong thi nghiémma vin-dénh-gia duoe anh hudag cla cac thong sé diu vao ¢ .
day st dung quy hoach thue nghiém riéng, phan (247) 2"*°=128 thi nglncm Thibt ké

thi nghiénhi ndy ¢ do phan giai 1V, voi dd phén glcn nay, khdng co yéu t5 chinh hotic

S &




twong tac hai chicu nao bi trung hop vai bat ky yéu to chinh hay tuong tac 2 chiéu nao

khac.

- Bang3:1 Cacthongsb dau-vae-vambc khaosat - .

— Faclor _ Code it —How —High
' Total gearbox ratio e 70— 150
co= = = Qutput torque - ————— - ;ﬁ, Nmm 1000 10000 ) )
Wheel face width < 03 034
___coefficient of step 1 " ' o
B “Wheel Tace width S R
: Xpa2 - 033 037
- coefficient of step 2
Wheel face width
o~ o - Xba3 = 036 04
¢oetticient oI St€p >
~ Allowable contact stress of g S _ _ o
T ’ - AS, -~ MPa 350 420

step |
Allowable contact stress of

AS, — MPa_ 350 420

step 2
Allowable contact stress of _ B
AS; MPa 350 420 ~
— Wstep’% - B , N
_ Cost of gearbox _ho_us_ipg_ Cen - USD/kg 1 5 - ﬁ
Cost of gears C, USDkg 2 9 -6
Cost of shafts C. USDkg 1.5 5 i
Bearing selling coefficient K 0.7 ] ]

K& hoach thi nghiém va k__ét qua ihi nghiém dugc thé hién trong bang 3.2 (ty sb

truyén u; va ua).

Bing 3.2 K& hoach thi nghiém va két qua thi nghiém

No. ut  Tout Xbal Xba2 Xba3 ASI AS2 AS3 Cgh Cg Cs keb ul u2

1 40 1000 03 033 036 420 420 350 5 9 5 07 18 495
2 40 1000 03 037 0.4 350 350 330 19 5 1 13 5.19
3150 10000 034 033 036 350 350 420 I 9 5 07 063 513
4 150 1000 034 037 04 420 420 420 1 2 2 1 43 48

5 {507 {0000 03 0.3 04 420 350 350 5 9 5 1 6.7. 331 . )
6 150 1000 0.3 033 036 350 350 350 9 2 1 43 528

127 150 10000 0.34 037 04 350 350 350 9 5 07 7.1 546

128 150 10000 034 037 036 420 420 420 5 9 2 07 63 5406
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3

3.4 Két qué va ban luiin
3.4.1 Anh huéng cia cdc thong so thiét ké den

Hinh 3.3 thé hién anh hudng cla céc thong so dén ti sd truyén uz. T bicu 46~

nay cho théy khi ug, Toeu AS2, Cyny Csg Kep tang thi v ting. Xoar, Xbaz, Xbad, AS,,

" AS;va G, lang thiup giam. —

_Main Effects Plot for u2

Fitted Means
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Pareto Chart of the Standardized Effects
{response is U2, o = 0.05, only 30 effects shown)
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Hinh 3.4 Biéu dd pareto dman hoa. anh huong cua céc thong s6 dAu vao va

) tuong tac gitia ching dén uy

Quan biéu dd Pareto ¢ hinh 3.4 cho thily anh hudng cua cac thong s& dau vao va

ké ca tuong tac gifta chung dén uy. Mrc 6 anh hudng cua cac thong sb duge thé

Fa 7

hién & ¢6 dai cua cot ‘mau xanh. Gflay—ﬁlmﬂg%heﬂgﬁe%&d&lan#uatﬁquafA
- dudng tham- chidu mau do-1a nhitng théng s ¢6.anh hudng dang ké tdi v voi

muc y nghla o = 0.05. Cu thé, ta thiy anh hudng ctia K (cg) dén v, 14 10n nhat.

[ T~

Céc thong sb khéc c6 anh huong dang ké& 167 us trong d6 cd ¢ cac tuong tac, cu
thé 12: AB (u*Tou), AG (U*ASy), AK (u*Cy), BG (Tou*AS2), BK (Tou*AS2),
CF (Xba,*AS)), and GK (AS') *Cy). Anh hudng cha cac tvong tic cling dugce thé

“hién 1o trong Binh375. | L e e m e e e




interaction Plot for u2
Fitted Means
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Hinh 3.5 Anh hudng cla céc twong tac t6i us

3.4.2 Xdc dinh phwong frinh héi quy dé tinh todn uz

" Qau khi tién hanh logi bo cécthdng s6-kbong-anh hudng hodc ¢6 anh huong rét— ‘
“{{dén s, Ta dirx4c dmh phucmg trinh héi quy cho ux bang-cach-str dung phan. ..o .
mém Minitab 19 do s6 bién rit nhidu nén viée (nh toén bang tay khong kha thi.
Hé sb udc tinh cha cac thong & diu vao va ca tuong tac gitra chung duge mo ta
trong bang 3.3. .

\S
N




Bang 3.3 Hé s6 uéc tinh cla cac thong s6 déu vao va tuong tac giia chiing dé xac
dinh uy

Coded Coefficients

Constant 51839 00163 31811 0.000
at - 00431 00216 0.0163- 122 0.188 1.00-
a T Tout 00637 00319 Q0163 T 053 100 T
_____ Xbal_ -0.0028 -0.0014 00163 _ -009 0931 1.00
AS1 005056 -00253 00163  _-155 _ 0123 100 i
———— : AS2 00141 00070 00163 0143 0.667 T.00
Cg. . -01416 -00708 00163  -434  0.000 100 ' '
P Tout 0 303 —0:0652——0:0163—406—0L600—1B0—————— —
N ut*Cg 0.1519 00759  0.0163 4.66 0.000 ‘1.00 o
Tout*AS2  0.1162 00581 00163 3.57 0.001 1.00
Tout*Cg -0.T050 -0.0525 00763 =322 0002 100
- - yhaT*AST 00713 00356 - 00163 - 219 - 6031 +00- — - —-—- — ——
ASZ*Cg  © 0.1284 00642 — 00163 384 — 0000 T8O — —— —

Phuong trinh hdi quy nhin duge nhw sau:

| up = 1312 + 0.00446 - 11, = 0.000142 - Ty, — 19.66 Xz = 0.01701 -
—AS«I—O—OMM.SQ*Q,ZA_LZ_%- - 2 U

~ AS, +0.000394 - u, - Cy + 0.0000001 * Ty - ASZ-—OOOOOO Tour Gy +
0.0509 - Xpqy * AS; + 0.000524 - AS, - G (3.29) "

\\\'LGN Ly 0’;’ >

3.3.3 Ddnh gid mire d phi hop cia mé hinh

Sy phtt hgp cua mo hinh duge danh gia qua biéu dd phén b danh gia phén du

dé xac dinh d¢ sai l&ch giffa thye nghiém va us trong hinh 3.7.

TUr che dd thi hinh 3.7 nhan thiy: tén dd thi so sanh xac sudt phan bb céc sai Sé

(hién thi béi cic dle méu xanh) so voi plmn phéi chudn (nét 1ién), cac sai 50

nay phan bd rat gan vai phin phm chudn. Diéu rmy cling duoe thé hién 15 trén , |
dd thi tan suat xudt hién cac sai 5§ thi nhiing sai 6 can 0 chiém ph'm [on. Quan ‘
sat biéu dd quan hé gitta saf & vA pid tri trong tng cuamdhinh hot-quy fversus- -

fit) cho thiy cdc diém phan bd ngiu nhién chimg 16 us khéng bi anh huong ding

ké ndo khie ngoai cdc thong s6 dau vao dua vao khao sat. Tuong ty nhu vay 6




dd thi bidu dién quan hé gifta sai s6 vi thur tu cde diém dF liéu (versus order)
cling phan bb ngdu nhién bicu thi u; khong phu thude vao yéu 1o thoi gian.
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Kiém nghiém mé hinh qua phuong phap ‘Anderson- Dailmg v6i phan mém

Minitab 19 duoc thé hién trong hinh 3.8 cho thiy, cac dit ll@U ing voi cac diém

th1 ‘nghiém (cham mw ‘xanh) déu nam trong vung giGi han boi 2-duo ong giéi-han - ——

trén dudi véi mirc y nghia 95%, dong thdi gid tri P> 0.500 1&a-hon gid trj o =

0.05, diéu nay chi ra lang md hmh thuc, ns:rh1em dd ap dupg 'a phit-he

Tién trinh tuong tur nhu Uz, t‘l c6 cong thie hoi quy dé xac dinh ty s truyén

nhu sau:

. % =366+ 0.06338 u; - 0.00038 - T, +0.00258 - AS, +0.00757 -
A4Sy F 0411, = 00518 f'riz(},ﬂﬂ.?ﬁkch 8-000063 T~ ASF—

i

0.001073- wy-+-£—0:0 1069 1ty ~+0:000013 7 T C; = 0.001206 -
AS; - C, (3.30) -

| ‘ !
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CHUONG 4. KET LUAN VA KHUYEN NGHI

4.1 Két ludn

~ Nghién ciu nay da danh gia duou anh huong ¢ha ¢ac thong sb thibt ké-
o hoa ty SO uyér cua

cho hop giam toc banh ring try 3 cap bang cach di HORY
bo t1uyen u; va Ug dé datduoc gm thartrcta uuy 1tho n{ at—Theo dé, u-n
) hong so

_____xacdinh cac tﬁhggg 56 pg él]l{gLa,g gogg plnt dén ty 56 1ruyen Uy va uy.
Paxiy-chmg-duoc-eong thie t&iwu hoa dé xac dinh 4, va u> dat duoc gia

thanh ctia hop 12 nho nhat. ‘

Dua trén két qua nghién ctu vé hop gidm tbc banh ring try 3 cap dé dat gia

e % _thanh-hdp nho nhét, ta c6 thém cdc hudng nghién ctra uep theo:
T01 uu hoéd hop giam tdc 3 cap dé dat duoe t1ekd1$n4nat4;at ngdng hop I

nhé nhét;
T8 wu hoa hop giam 1 toe 3 chp dé dat duoc hidu sudt-cta-hdp1én- nhit;—

Téi wu hoé dé ddng thoi ddl duge khdi lugng hdp nho nhét va hidu suét

hop&)inhat.
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PHU LUC I. MOT DOAN CHU'O'NG TRINH XAC DINH Ti SO TRUYEN
TOI1 WU SO DUNG PHAN MEM MATLAB

clear all;

fidl = fopen{'kgl.txt','w'); .

fidz = fopen('kgz txt" "Wy : _— R

e Te=40000; %Mo _men xoan truc ra -~Nmm; {r=40000 -

200000GU
_ ndc=1450; %so vong quay truc dong co i
__ for Ut=10:30:220, : _ e —
- =1
for uh=2:0.01:60, o
u2=1.1*uh"~(1/3);
. _wux=Uut/uh; L o o
o 712=0.9164*Tr; . . . . . o _
aw2=1.2% (u2+1)* (T12/u2) "~ (1/3);
. dw22=2*aw2*u2/(u2+1l); . :
| nlx=ndc/uh; %“So vong gquay dia xich dan ;
P1x=0.0997*10"-6*Tr*nlx f
i f (ux >= 1) && (ux <1 .5H) \‘
- 21=20; o T
elseif (ux >= 1.5) && (ux < 2) ‘
71=28;
elseif (ux >= 2) && (ux < 2.D5)
n1=27;
elseif (ux >= 2.5) && (ux < 3)
- Z1=26; ' . T T
elseif (ux >= 3) && {ux < 3.5)°
21=25; '
elself (ux >= 3.5) && (gx < 4)
n1=24;
elgeif (ux >= 4) && (ux < 4.0)
- 21=23; ) -
elself {ux >= 4.5) &&_(uku< 55
21=21;
elself (ux »= 5) && (ux < b.05)
721=20;




elseif (ux >= 5.5) && {(ux <. 6)
721=20;
else
z1=197

enda;

~ mx=ndc/uh;

&Xac dinh so vong cuay dia dan co so nOl: A

__if (ux.< o . T .

) n01=50;

- eplget £ fux->= 200) && fux-< 300)
- n01=200; e
— elseif (ux >= 300) && (ux < 500) | -

n01=400; |
elseif (ux >= 5007 && (UX < 700)
~ n01=600; L S -
elseif (ux >= 700) && (ux < 900)
- n01=80C0;
elseif (ux >= 900) &s (ux < 11000 . i
n01=1000; i
B elseif {ux >= 1100} && (ux < 1300)

S TROI=12007 S
" Telseilf (ux >= 1300) ' o
n01=1600;
end; '
kn=n0l/nx;

g Ype-diwl BesOk— — ——

elo=1: “Ro Lruven co duorng Lan nam ngabdy

2ka=1; % aw=(30-50)%p

ol des ] e Lenyen dieuw chinh duoc luc cang wich
Slbl=L; o Lo truyen lam vi oo khong bul bang

oY=l .2%; o Lam vieo 2 ca/ngay

okd=1.7; . Tai Lrong va dap ohe

Ol xR L TR L =005y 0 - o .

k=1.5;

Pt=Plx*k*kn*kz;




buocxich= vlookl('bangB;B.tx:‘,nOl,Pt,[1]);

a=40*buocxich;

dl=buocxich/sin(3.1416/21);

dz=drrus;

4

*

SS=abs{({d2=dw2

‘.__\
D
= D

)

o N

K-

[ A3
FUL T r

-

uhluu=uh;

d2luu=d2;

- . dw221luu=dw2?2; ' 1
ssluu=S8S; s
_ I else .- o A
B - ~ if (s8s<ssluw)
5S1uu=8S; | -
uvhluu=uh;
dz21Tau=di;
;;::::i;A::A,_ o o dWZZIﬁuidWQQT““'—_'“_m___;m___ ]
~  end 7 I
‘ end
-~ d2=d2luw; 7 - - ]
dw22=dw22luu; 1
uh=uhluu;

S i ux=Ut/uh; S - ]
Ut; ' i
i=i+1;

end
fprintf (fidl, "sg\n',ux);
fprintf(fidZ,‘%g\n‘,Ut);
—_— end '

fclose (fidl) ;
fclose (£id2) ;
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_ Ahstract. Based on the cost optimization problem, this work provides the study
results to estimate the optimal partial gear ralios of a three-step helical gearbox.
—Tg address this issug, a simulatiom experiment withtwetveinput-parameters—— :
was planned and carried out. The effecl of input parameters on component gear
ratio was examined. Regression formulas (o identily the oplimal partial ratios to

_ achieve the lowest gearbox cost have also been proposed. Since they are all in

the form of an explicit function, these formulas are simple to vse.

Keywords: Helical gearbox, Theee-step gearbox, Gear ratios, Cost oplimiza-
tion. '

1 - Introduction _

In reality, there are certainly numerous drive systems available, involving mechanical,
electric, hydraulic, pneumatic drive, and so on. The mechanical transmission system
is the most widely used of these. Since mechanical fransmission has a simple struc-
ture, stable operation, high reliability, and inexpensive costs. As an outcome, the de-
sign and optimal design of the gearbox has been and continues to be a concern to
various scientists.

There has been a variety of research on helical gearbox. [1] investigates the most

L A Y SR T
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desirable partial gear ratios for a two-step lielical gearbox using a simulafton experi-
ment. [2] focuses on the design of an optimized 3-step gearbox, with the aim of meet-
ing both functional and retiability demand in the real world. In addition, [3] studies
the dynamic response of a power closed double-helical gear system, which found that
“manufacturing error causes shalt frequency cxcitation, which can lead lo significant
unloaded gearbox vibration. Another study by [4] introduces an optimized fubrication
method for a helical bevel gearbox, which results in an increase in the gearbox service
life from 1.9 year to a minimum of 3 years. |5] put forth a model that provides impli-
cations vibration-based error judgment of helical geay systems. [6] developed a tech-
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nique that speed up the remeshing process to explore dip and injection lubrication in

rrpy

heticatand spur gearboxes. Morcover, 71 proposes aregression formuta that fseasily
applicable to achieve the smallest gearbox costs, and from that determines the optimal

T~ ducted research on the helical cylindrical gearof a crane reducer. It found that the

partial gear rafios for a three-step helical gearbox. Another study develops condition
monitoring {CM) for a multi-step helical gearbox using airborne sound [8]. [9] con-

d < . )
decreasing trend as the frequency multiplier increases. Research on predicting power
loss in a helical gearbox [10] highlights the influence of friction between meshing

diction in the design process can-improve efficiency of gear transmission significant-

ly. - -
A work on establishing the optimal gear ratio of a three-step helical gearbox is pre-
sented in this paper, The effect of many major design factors on optimal gear ratios
has been considered. Regression formulas to identify optimal partial gear ratios have

also been provided.

2~ Optimization problem

2.1  Cost analysis ' '

The cost of a three-step helical gearbox, Cgp- is calculated by:

Cgb:Cg‘l‘Cgh‘l‘Cg‘I“Cb (l)

~ings, respectively. These cost conmponents can be found Dy:

Cp

In which, g, Cgp, Cs. and €y are the cost of gears, gearbox housing, shafts, and bear-

Cqg = Cgm "My (2)

Cgh = cgh.?n ! ]”'gh (3)
Cs = s~ Mg (4)
2 Xty Cpj {5)

In Equations {2) to (5}, ¢gm is the gear cost per a kilogram (USD/kg); my, is the gear

mass—(ke)cgrmisthe-gearbox-housing-cost-per-a-kilogram-(BSbAg)-mgp—is-the
mass of the gearbox housing (kg); tsu, is the shaft cost peca kilogram (USDVkg); my
is the shatt mass (kg); Cy; is the cost of a bearing on the ith shaft.

2.2 Caleulating Gearbox Housing Masy

m,

g can be deternined by:

Mgh = Pgn* Vr]h (6)




N

In which, Pgn is the weight density; pop = 7.2 (ke/m3) (the material

ts—cast irUﬂ)r
Tl Vg, is gearbox housing volume {m3) which is found by: '

Vgh—4'Vb+Z'VA1+2'VA2

(7)

Where, V.- ¥ ,7aneLVA2 are the Tespective volumes of the bottom housine. side Al
and side-A2-(e

2-(eg)-Fhey isdeterminedas rollows (see Figure {):

Li e

T

Fig. 1. Caleulated sehema

Vp=1L-8,-15-5, (8)

Var =L-HSg (9)

VAZ:BZ-_H-SG=(Bl—2-SG)-H-SG {10)
Replacing (8), (9), and (10} into (7) we have:

Von=3'L-8,-5, +2-L-HS; +2- (B —2:8;) H-5, (11)




Where, L, H, B, and SG can be determined by:

VL = 7(dw1177+ dwzi/Z + du;12/2 + 'dwzz/z + de?{Z + dw23/277+ dlvl'l/z + dw24‘ +

20 : ey
[ H = max{dyy; Gz, dpa, dag)-+0.5 86— — €
o B, = max(bhy,1, byz) + max(byz, bus) + 6+ 5; N V)]
S¢=0.005-L+45 ‘ . : (15)

2.3  Calculating gear mass

For a three-step helical gearbox, the gear mass is determined by:

m,

g = Mgy + Mgy + My, {16}

mass of step i (i = 1-+3)is f()}:ﬂd by:

_ Wherein, gy, my, and my, are the mass of gears of steps 1, 2 and 3 (kg). The gear -

2 2
_ meydy, bwi | epdie i Dwi .
Mgy = Py * ( bl 4 D0 (17)

e "~~~ Where, py is the weight-density of gear-material {kg/m3); with-steel gear; pgg =72 — — -~ —— — ——

(kg/m3) [11]; e, = 1 and e; = 0.6 are the volume coefficients of the drive gear and
the driven gear [L1]; byi = Xpai * Qi 1S the widlh of the gears (mm).

stiaft-mass
- The mass of shafts is determined by:
my = T my, (18)
In which, my; is the mass of shaft i (i = 1 + 4) which can be found by:
Mg = pe -7 -dZ L /4 (19)

In which, my; is the mass of shafls i (kg) p, is the weight density of shaft malerial;
Pgn = 7.2 (kg/m3) since the shaft material is stoel [11]: Ly is the length of shaft i (i =

1 + 4) which can be found by (see Figure 1)

U, =B+ 12 dy e
Iy =l = B, ' (21)
=By +12-dy 22) !

Also, dy, is the diameler of shaft i (i = 1 -+ 4) can be found by:
dy = [T1:/(0.2 - [£)'/* (23)




In which, [t] = 17 (MPa) is the allowable shear stress [12].

2.5 Calculafing the gear center distances

crememeee e == Thecenter-distanee-of the i step-is-delermined-by [12]:

. Ayt = Ko (U + 1) - a\lTu g /(Uowil® -2y Xpe) - @ ' e

o i which, K, =437 i material coeflictent; T 15 the contacting foad ratio; - o o

" [oy] is the permissible contact stress (MPa), X,q; is the wheel face width coefficient,
and Ty; is the torque on the drive shaft (Nmm) of the Tstep ({ = T+ 3); T is calcu-
lated by: ' ' '

.
Tu= 25)

s E2) 4—f,  5—iy
=ty g e

The pitch diameters of the pinion and (e géar of the T8tep (T= T+ 3y iscaled-— ~ =7 ~ "~
lted by [12}— ——  ~ ~ — —

dyis = 2 - i/ (tty + 1) @6)

Tdy =2 w1y @ o T T e e e e

2.6  Calculating bearing cost

The bearing cost on the i™ shalt Cy,; can be found by [(3]: I

Coy = Kep * Choat | (28)

Where Cpmin 18 the maximum relail price of the bearing, (LISD) which can be calculat-
-ed by [13]:

Comi = 0.2707 - N2, — 1.2566 + N + 3.3056  (29)

2.7 Optimization Problem

From above analysis, the opfimization task of determining optimal gear ratios for
minimizing gearbox cost is able to be symbolized in the following manner:

Minime Con (‘30)

" Satisfy the tollowing constraint:
1<, <9 (3N
In which i is the step number (i = 1 -+ 3).




3 Simulation experiment i

e A simulation-experiment was performed to-assess the impact of the main design vari- .
y ables on the partial gear ratios. For this study, (welve major design [actors were cho-
e~ . sen (Table 1). The factorial design (with 21275 = 128 test runs) was selected using

— | and uz) are provided in Table 2.

... Tablel. Main design faclors and their levels

71 ) TFactor “Code Wil — Low Fligh
Total gearbox ratio ‘ " - 70 i50 .
Oulput torque T:m‘ Nrmm 1000 1000¢
— . Z . . Wheel face width coefficientofstep 1 _Xeat .. - __ _03 0.34 _ —
-~ = Wheel face width-coeflicient of slep 2 X2~ — - 033 0.37 B I
Wheel face width coeflicient ol step 3 Xba3 - 0.36 0.4
o  Allowable confact stress of step 1 A5 MPa 350 420 U
Allowable contact stress of step 2 AS: MIa R iji(;” 7 ‘[20' S .
Allowable contact stress ol step 3 A8 MPa 350 420 ' _ :
.Cosl of gearbox housing Ceh USD/ke 1 5 1
e Costof gcars—  — -~ — —— - USD/keg - 29— :
- Cast ol shalls : ; G usbitye . . 1.5 5 (
Bearing selling coeflicient Keb 0.7 1 .
'l

4 Results and analysis

This seclion analyzes the impacts of the primary design [actors on the optimal gear
ratio of the second step u; and creates a regressiorn formula (o determine i,
—d;I—TFhe Influenceof Input-Paramcters —

The main effects plot (Figure 2) depicts qualitatively the influence of the main exper-
imental variables on partial gear ratios ux. From this graph it can be seen that uz is
proportional to v, Tow, AS2, Cyhy Cs, ket and inversely proportional 1o Xiar, Xz, X,
ASy, AS;, Cp

Table 2. Experimental plan and oulpal results

No. ol Toul Xbal  Xba2  Xbad ASI AS2 O ASY) (ph Ceg Cx keb ul w2
1 40 1600 0.3 33 036 420 420 350 5 9 50007 18 495




2 40 1000 0.3 0.37 0.4 350 350 250 b 9 5 1 13 5109
3150 10000 034 33 036 350 350 420 T T 507 63 513
o B 4 1530 1000 034 037 0.4 420 420 420 | 2 2 143 4.8
5 150 toooo 03 037 04 A0 3s0ase s oS —et 83— o
6 150 1000 03 033 036 350 350 350 | 9 2 | 43 528
127 150 10000 034 037 _ 04 350 350 356 5 O 5. 07 71 S46
e 128 150 10000 - 034 037 036 420 420 420 9 2. 07 63 540
I e Main_Effects.Plot. foru2 I I
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Fig. 2. Main elfect plw Toruz

The Parcto diagram in Figure 3 depicts the degree of influence of the parameters and
their interactions on uz. In this graph, the vaciables with the greatest influence on u;
are those whose magnitude exceeds the red reference line (with a significance level of
= 0.05). This chart shows that only K (Cg) has a significant effect on ug, while the
other parameters have an effect that is less (han the significance level of =0.05. Inter-
actions between them, however, have a significant effect on w, including AB

(X Tow), AG (U*AS3), AK (T*Cy, BG (I?J*T‘CEQ—Z),—ES'[6(—'1"7W‘LA-%),—GF—(—Xba|*AS.},
and GK (AS2*Cy). Besides, Figure 4 clearly shows the effect of the interactjons.




Pareto Chart of the Standardized Effects

(respeonse is u2, & = 0.05, only 20 effects shown)

Term
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Fig. 3. Pareto chart of the standardized eficels for ua

4.2 Finding regression models for calculation of u;

S

]

Minitab 19 soltware is used to determine the regression equation to identify uz. Table {

3 indicates the estimated coefficients of the input parameters and their interactions if

— — - —— - -after removing parameters-that-have-liftle-or ne-effect on-uy:-The-foHowing regression - —- %
equation can be used to fligure out the optimal gear ralio .. B B .

Uz = 13.12 + 0.00446 -1, — 0.000142 - 7., — 19.66 - X)yy — 0.01701 - AS; — !

0.00282 - A5, — 0.2412 - C; + 0.000001 -, - Ty — 0.00002 - 14, - AS, -+ :

0.000394 - 11, - €4 + 0.0000001 - Ty, - AS, — 0.00000 - Ty + €, 4 0.0509 - X0,
AS; + 0.000524 - AS, - € (32)

4

The residual plot (Figure 5) is used to assess the suitability of the proposed model for
uw. According to the graphs in Figure 5, the majority of these errors are distributed

“very close to the normal distribution (the solid line) on the normal probability_graph

(Fig. 5a) (with only | outiier on the graph). This is also evident in the graph of error
frequency (Fig. 5¢), where ervors near 0 account for the vast majorily of errors. The
graph of the relationship between the error and the corresponding vatuc of the regres-
sion modlel (the-Versus Fits - Fig, 5b) shaws (hat us is nol significantly affected by
anything other than the input parameters. Similarly, the graph represenling the rela-
tionship between error and data point order {the Versus Order) is tandomly distribut-
ed. [t means that us is independent of time, '




lnteraction Plot for u2
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Table 3, Estimaled effects and coellicients for i '
Codod Cos
Term Effect  Coef SE Coef  T-Value P-Value VIF
Conslant 5.1839 onied EXLSA R 0.000
Ut 0.0431 00236 3 1.32 0.188 1.00
Toul 0.063F 00319 .45 0.053 100 ‘]
o
Xbai -0.0028 00014 00183 -0.09 0931 1.00 1
AST -0.0506 -0.0252 00163 -1.55 0123 1.00
AL2 00141 0.0070 00104 QR R Q667 1.00
Cg <0416 -00708 Q0163 -4,34 0.000 1.00
ul Youl 01303 00652 noies .00 0.000 .00
Ut AS2 -00769 -0Q384 00103 =236 0.020 1,00
Lty 01519 6.0759 - 001G3 4.66 D000 1.00
- Toul’ A2 01 62—0:05 841 0.4-H=3 344 0803 —koN— ————
Tout’Ca -0.1050  -0.0525 00143 0.002 .00
Xba1ea81 Q0712 00356 00103 w19 0031 1.00
AL2iCy Q1284 00642 00163 3.0 0000 1,00
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The proposed model has been verified using the Anderson-Darling technique and the

Minitab 19 soltware. Figure

6 demounstrates the results, which indicate that the data

corresponds to the experimental points {blue dots) and is in the region bounded by
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two upper and lower limits with a 95% significance level. Furthermore, a P> 0.500

value greater than the = 0.05 value suggests that the experimental model used is ap-
propriate,

Proceed similarly to iz, the regression formula for computing the optimal g;a; ratio
_ofthe ﬂst,,stgp,ﬂgw,fblows -

s . . pra.
0.411 c —0.0518 - C, +0.002 - lccb—0000063 ut AS;+0001073 UGy~ - -
0.01069 * u, * kp + 0.000013 - Ty, - Gy — 0.001206 - AS, - €, , (33)
5 Conlusions

The results of an investigation on the cost optimization problem for figuring out the
partial gear ratio of a 3-step helical gearbox were reported in this article. A simulation

experiment was designed amd carried ot o deal- withthisproblem—Tiempact of
... __.main design variables on_the optimal partial gear ratios for a three-step helical gear-
box was evaluated using experiment results analysis. Regression equations for estab-

lishing optimal partial gear ratios have also been proposed. The study additionally
proves that these equations agree well with the experimentat data.
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