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TOM TAT

Bai bao trinh bay céc két qua nghién ctru: khdo sat thanh phén héa hoc, té chirc té vi & trang
théi lam viéc, trang thai u cua I6p bé mét va trong I16i ctia bénh réng & céc vi tri khac nhau trong mét
s hop sbé 6t6 thong dung & Viét nam cé tai trong tir 3 dén 5 tan. Két qué phan tich thanh phén héa
hoc cho thdy da st dung céc loai thép khéc nhau dé ché tao banh réng hdp sb nhw méc thép thédm
cacbon: 25CrMnMo, 25CrMnTi,18CrMnTi va thép hoa tét: 35Cr, 45Cr. Két qué khado sat sw phan bé
do cung tir bé mét vao trong 16i cta cac loai banh réng (tr 56-62HRC & bé mét va 34-46HRC trong
16i) két hop véi nghién ciru sw thay dé té chirc té vi ttr bé mét vao trong 16i cta cac bénh réng: t6 chirc
la mactenxit va austenit dw (khodng 8%) & bé mat duong nhuw la thép sau cung tich, trong khi do &
trang thai 4 chi twong (rng v&i thép truoe cuang tich (ferit va peclit), diéu nay da cho phép két luén vé
sw c6 mét cla nito trong I6p bé mét do gil lai mét lwong déng ké austenit dw trong thép c6 ham lwong
cacbon khéng cao. Nhw vay, cong nghé thdm C-N da duwoc 4p dung cho céc banh réng hdp sé lam
béng ca hai nhém thép thadm cacbon va thép hoa tét, day la diém khéac biét véi céng nghé truyén
théng dang duroc sir dung cho céc banh réng & Viét Nam hién nay.

ABSTRACT

This paper represents the results of researches on the chemical composition, microstructures
from the surface to the core in the working and annealed status of gears of different kind of gear box
for vehicles presenting in Vietnamese with loading capacity from 3 to 5 tons. The results of the
chemical composition analysis showed that there is different kind of steel was used for making gears
such as low-carbon alloy steels used for carburizing: 25CrMnMo, 25CrMnTi and 18CrMnTi and the
structural medium-carbon alloy steels: 35Cr, 45Cr. The changes of the hardness from the surface
(HRC 56-62) to the core (HRC 34-46) of the gears combine with the changes of their microstructure:
martensite and retaining austenite (about 8%) on surface seem like the hypereutectoid steel; while the
annealed structure is similar to the hypoeutectoid, this could conclude the existence of nitrogen on the
surface layer of the gear, they retained rather enough austenite in the steel with low or medium-
carbon steels. Therefore, carbon-nitriding technology was applied for gears of gear boxes for both kind
of the low and medium carbon steel. This is different from traditional technology being used in
Vietnam.

I. DAT VAN PE Dé c6 kha ning lam viée tdt, ngoai yéu
cau dat d6 chinh xac kich thudc dé dam bao an
khép tdt, co tinh cua banh ring phai dam bao
ddng thoi cac chi tiéu sau: do cing bé mit cao
dé co kha ning chong mai mon tot, khong bi
bong troc; d6 cing va do bén 15i thich hop lam
viéc tot trong diéu kién chiu tai trong dong,
khong bi giy v&; d6 bén moi cao dé bao dam
kha ning lam viéc lau dai. Do vdy do ctng bé
mit thuong yéu cau tir 58-62 HRC, 15i déo dai
c6 do cung tr 38-42 HRC [4,5,6]. Nhu vay,
tudi tho va chét lugng cua banh ring ngoai van
dé thiét ké, ché tao con phu thude vao viée lya

Banh rang trong hop sO 6t6 gom 4 loai
chinh: banh rang so cap, banh rang trung gian,
banh ring th cp va banh ring s6 Lui [1,2].
Trong qua trinh lam viéc banh rang chiu va dép
manh va chiu tic dong ciia nhiéu ung suit, do
d6 c6 thé gay ra cac hu hong khac nhau. Bé mit
rang chiu mai mon manh, con bén trong va
chan rang chiu udn, xodn. Nhu vay cac banh
rang hop sb 6t6 lam viée trong didu kién kha
nang nhoc, tuy nhién banh rang & cac vi tri khac
nhau trong hdp sb, ciia cac loai xe khac nhau
chiu tmg suit khac nhau [3,4].
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chon vat ligu, cac qui trinh xir 1y nhiét dé dam
bao co tinh va chéng blen dang. Day la yéu cau
rat khit khe vi ung suit nhiét va tng suét to
chuc khi nhiét luyén kha 16n, thuong vuot qua
mirc cho phép.

I1. NOI DUNG VA PHUONG PHAP THUC
NGHIEM

Nghién ctru dugc thyc hién trén mot )
banh rang chua qua st dung cia mot sb hop sb
6t0 thong dung dang dugc sir dung phd bién &
Viét nam c6 tai trong tir 3 dén 5 tan, cu thé la:
xac dinh cac mac thép lam banh rang; nghién
ctru to chirc té vi tir bé mat vao trong 16i ring &
trang thai lam viéc va trang thai 0; xay dung
phan b d6 cimg tir bé mit vao trong 15i. Trén
co s¢ do6 phéan tich va dua ra cong ngh¢ xir ly
nhiét va bé mit da duoc ap dung cho cac banh
rang hop sé khac nhau. Thanh phan hoa hoc cua
cac mau banh rang dugc xac dinh bang phuong
phép quang pho phat xa trén may Metal Lab 75-
80J (Italia), t6 chirc t& vi dwgc nghién ciru trén
kinh hién vi quang hoc Axiovert 25A vé&i phan
mém xéac dinh thanh phan pha IPWIN3 Image
ProPlus (Ptic). B9 cung tai trong nho dugc do
trén may Duaramin Struer (Pan Mach). Lo
nung diéu khién theo chuong trinh Mod N11/H
(buc) duge su dung dé u mau dén trang thai
can bang nhiam xac dinh luong cac bon bé mit
clia cic banh riang. Cac loai hop s6 duoc st
dung dé nghién ctru 1a xe ctia Nga (ky hiéu la
ZIL1, ZIL3, ZL5, GAZ), xe nong dung cua

Trung qudc (ky hiéu 1a TQ1, TQ2, TQ3) va xe
cta Han quoc (ky hiéu 1a H1, H3).

I11. KET QUA VA BAN LUAN
3.1 Xac dinh mac thép lam banh riang

Két qua phan tich bang quang pho phat
xa cho cac banh rang hdp so6 ciia mot so loai xe
dugc trinh bay trong bang 1. Két qua cho thiy
thép lam banh rang thudc hai nhém, nhom thép
thAm cac bon twong duong v&i cac méc
18CrMnTi, 25CrMnTi, 25CrMnMo (theo ti€u
chuan Viét nam — TCVN) duoc st dung cho
cic banh riang so cip, thu cip, trung gian va
banh ring s6 Iui (ZIL3, TQI, TQ2 va Hl).
Nhom thép hod tbt twong dwong voi cac mac
35Cr, 40Cr (TCVN) dugc dung cho banh rang
trung gian cua cac xe GAZ, ZIL1. Cing nhan
xét thém rang, hop sd cua 6to Nga c¢6 khuynh
hudng sir dung thép khac nhau dbi véi cac banh
ring & ting vi tri cu thé, chang han, banh rang
trung gian bang thép hoa tét, banh ring so cip
va thtr cdp bang thép. thiAm cacbon, trong khi do
cic xe cua Han quéc, Trung qudc lam bang
cung mot loai vat li¢u. Trong cac mac thép trén,
cac nudc Nga, Nhat, My, Han quéc hién nay c6
xu hudng va dung cac thép c¢6 chira Mo (nhu
25CrMnMo) hon la thép c6 chira Ti, do Mo c6
tac dung 1am nho hat gidng nhu Ti, ngoai ra Mo
con 1a mot trong nhimg nguyén té co tac dung
lam ting manh d6 tham t6i, chi voi ham lugng
0,5% c6 thé twong dwong véi 3-4%Ni [7,9,10].

Bdng 1. Két qua phan tich thanh phan hod hoc va cdc méc thép ciia cdc banh rdang

T Loai banh ri Thanh phan héa hoc trung binh cac nguyén tb chinh, [%] khdi lwong
041 banh rang C P Mn Cr Mo Ti

BR trung gian GAZ 0.3740 | 0.0255 | 0.0352 | 0.6731 1.2358 0.0326 | 0.0034
b Mac thép (TCVN) 35Cr

BR trung gian ZIL1 0.4311 ‘ 0.0132 ‘ 0.0077 ‘ 0.6230 1.0050 ‘ 0.0227 ‘ 0.0055
2

Mic thép (TCVN) 45Cr

BR thie cap ZIL3 0.2356 0.0213 | 0.0216 | 0.9123 0.9656 0.2018 |0.0031
3 | BRthu cap H1 0.2407 0.0118 | 0.0125 | 0.8461 1.2982 0.2284 |0.0043

Mac thép (TCVN) 25CrMnMo

BR trung gian ZIL 5 0.2405 0.0095 | 0.0111 | 0.9799 1.0078 0.2151 |0.1115
4 | BRtrung gian TQ3 0.2304 0.0170 | 0.0172 | 0.8301 1.1909 0.0237 |0.0689

Mac thép (TCVN) 25CrMnTi

BR trung gian TQ1 0.2191 0.0086 | 0.0106 | 0.9562 1.0820 0.0252 |0.0523
5 | BRong gai TO2 0.2169 0.0129 | 0.0079 | 0.9164 1.1764 0.0219 |0.0526

Mic thép (TCVN) 25CrMnTi
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banh rang dugc dem u bao vé trong N, dé nhan
) dugc t6 chirc ¢ trang thai can bang. Trén hinh 2
1. Banh rang thi cap 1a anh t6 chirc twong tng cia bé mat ring (a),
161 rang (b) va 161 banh rang (c) cua banh rang
H1 & trang thai t. Co thé nhan thdy 15 su thay
d6i ham lugng cacbon tir bé mat vao trong 13i
nhd sy thay doi ham luong peclit (ving mau
sam) trén cac anh t6 chuc té vi. ¢ 16p bé mat
luong peclit chiém dén 80%, pha sang con lai 14

3.2 Nghién ciru té chire té vi

Trén hinh 1 a,b,c twong tng 14 anh té
chirc té vi cua lop bé mat, 16 rang va 16i banh
rang O trang thai lam viéc cua banh ring th
cap HI va ZIL3 c6 mac thép twong duong véi
25CrMnMo. Ta nhén thiy, to chirc 16p bé mat
va 131 rang rat khac nhau, nhu vy c6 thé khing AR A
dinh banh riang di duoc xtr 1y bé mat. B& mit co f:erlt (Vf?l d(-f cu?ng,te vi 175 - 18? Hy)’ twong
td chirc mactenxit kim va c6 nhiéu austenit du ung vol t}}ep truée cung tich co l}am luong
(pha tréng). Dimg chuong trinh IPWIN3 dd xac ~ cacbon nho hon 0,8%. Trong 16i rang, luong
dinh Iugng austenit du trén 16p bé mit con pe’cht f’hlem, khozjng‘35‘% cao ho’r,l trongwlm
khoang 8%. Té chirc ciia 16i rang va 15i banh ~ 0anh rang, 6 nghia la ham luong cacbon giam
ring gidng nhau, c¢6 td chirc mactenxit kim nho de‘m tir be me:1t Vaolden 191 ban}} rang. thm HCI}
min, nhu viy banh ring nay da dwoc toi thau. ndy cho phép khang dinh, cic banh ring da
Trong truong hop banh ring c6 kich thudc kha duge hod nhict luyén dé khuéch tan cacbon 1én
16n, 161 ¢6 thé khong duge toi théu, t6 chic 15i 16p bé mat banh rang. Cong ngh¢ hod nhict
lic niy nhan dugc c6 thé 1a hdn hop cua lu};en thuc hién ch? barA,lh rang nay co thé 1a
mactenxit va troxtit. Dé dy doan su thay doi tham cacbon (C) hodc tham cacbon-nito (C-N).

ham lugng cacbon tir bé mat vao 15i, cic mau

Hinh 1. T6 chitc té vi ciia banh rang Huyn dai (H1) & trang thdi lam viéc bé mdt rang (a), 16i ring (b)
va l6i banh rang (c) X500

2Ty, —lt TR kas

Hinh 2. T6 chirc té vi ciia banh rang Huyn dai (H1) ¢ trang thai can bang bé mdt rang (a), 16i rang
(b) va loi banh rang (c) X500

Thim C 1a phuong phéap truyén thdng,
dam bao cho chi tiét co co tinh lam viée tét,
hi€u qua thAm cao. Sau khi thdm, t6 chtc can
bang tir bé mit vao 15i cta chi tiét thim sé& co ba
ving rd rét véi to chirc: sau cung tich
(peclittxementit), cung tich (peclit) va trudc

cung tich (ferit +peclit). So voi thim C, tham
C-N la phuong phép thdm c6 nhiéu uu diém
nhu nhiét do thAm khéng can cao nhu thdm C,
chidu sau 16p thAm khong can day, co tinh
khong thua kém 16p tham C ma kha ning chéng
mai mon lai cao hon do sy ¢6 mat cua cac nitrit
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trong 16p bé mat. Lép thdm C-N cho phép tong
ham lugng cacbon, nito 16n nhat dén 1,15%,
trong d6 ham luong cacbon nho hon 0,8%. Nhu
vay, can cut vao luong cacbon, td chire lop bé
mit cta banh ring sau thim C-N 1a cua thép
trude cing tich. Trén co s& cac dic diém trén
clia hai cong nghé tham co thé khang dinh cong
nghé thAm thyc hién trén banh rang H1 va ZIL3
1a thdm C-N.

2. Banh rang trung gian

Theo két qua phan tich thanh phan hoa hoc,
banh rang trung gian ¢ thé 1a thep tham hodc
thép hoa tét, riéng trong hop s0 cua Nga banh
ring ndy dd dung thép hoa tét. Trong nghién
clru nay, trinh bay két qua nghién ctru banh
ring ciia hop s6 xe ZIL1 lam bang thép hoa tot
40Cr. Tb chuc té vi cia banh rang ZIL1 & trang
thai 1am viéc tir bé mat vao dén 13i rang va 15i
banh rang dugc trinh bay trén hinh 3a,b,c tuong
mg. C6 thé thay rang, bé mit co t6 chic giéng
nhu 16p thdm hodc t6i bé mit v&i mactenxit kim
nho min, tiép theo 1a mactenxit thd hon xen ké&
la pha austenit du mau sang (hinh 3a). Loi rang
¢6 t6 chirc mactenxit kim nhé min (hinh 3b) va
16i banh ring c6 to chic mactenxit va troxtit
(hinh 3c).

Dé danh gia ham lugng cacbon trong 16p
b& mat va 16i banh rang, da nghién ctru td chirc

Hinh 3. T6 chirc té vi 6 trang thai lam viéc cia ZIL1 tir bé mdt (a), dén 16i rang (b) va 16i banh rang (c) X

500

té vi ciia banh ring nay & trang thai u c6 bao vé
dé chdng thoat cacbon (hinh 4a,b,c). Lop bé
mit (hinh 4a) c6 t6 chirc gan nhu 100% peclit,
luong pha sang (pha ferit) khong dang ké. Loi
ring co to chic khoang 68% peclit (hinh 4b) va
15i banh rang c6 t6 chirc xap xi 50% peclit (hinh
4c) va c6 dang thé. Tir cac anh t6 chirc té vi co
thé thiy rang, 16p bé mit c6 chira ham lugng
cacbon cao, két hop voi két qua xac dinh luong
austenit du 16p bé mit & trang thai lam viéc
(hinh 3a) khoang 20% c6 thé khing dinh 16p bé
mat c¢6 ham luong cacbon khoang 0,8-1,1%.
Didu nay ciling c6 nghia 1 banh rang ZIL1 da
khong duoc t6i bé mat theo cong nghé ap dung
v6i cac thép hoa tét thong thuong ma duoc
tham C hodc C-N. Két hop véi to chic té vi ¢
trang thai u (4a) cho théy, ham luong cacbon bé
mat khoang 0,8% (t6 chuc hoan toan 1a peclit
méau sdm) hodc nhé hon do con quan sat thay
luong it pha mau sang ferit. L6p thAm nay cung
1a tham C-N do khong c6 nhiing déc trung dién
hinh ciia 16p thAm C nhu da ndi ¢ trén, dong
thoi lugng austenit du trong 16p bé mit kha cao
duogc giai thich boi sy ¢6 mat cla nito lam tang
tinh 6n dinh cua austenit khi t6i. TS chuc 15i
banh ring ¢ trang thai lam viéc 1a troxtit, diéu
nay cho thdy banh ring cé kich thudc kha 16n
nén khong di thim toi vao tan 13i.

c

Hinh 4. Té chirc té vi ¢ trang thdi v cua ZIL1 tir bé mdt (a), dén 16i rang (b) va 16i banh rdng (c) X500
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3.3 Khéo sat dj cirng cia banh rang

Phéan bd d6 ctmg té vi ctia banh ring tir
bé mat vao trong 1061 dugc xac dinh trén may
Duramin Struer. Hinh 5 va 6 1a phan b6 do
cung cua nhom banh ring trung gian va banh
ring thir cAp tir bé mat lam viéc vao trong 16i
rang. Co thé théy rﬁng, do cung bé mat cla cac
rang dao dong trong khoang tu 55-60HRC,
trong d6 banh rang thir cdp c6 do cimg cao hon
banh rang trung gian chut it. Dai d¢ cirng nay
dbi voi cac méac thép thdm va hoa tdt chi co thé
dat dugc bang phuong phap hoa nhiét luyén.
Loi rang c6 d6 cung khoang tir 43-46 HRC (voi
cic banh rang tor nhoém thép CrMnTi va
CrMnMo) va 51-52 HRC (v&i banh ring bang

thép 35Cr va 40Cr), d6 cing nay la kha cao.
Tong chiéu sau 16p tham (tinh tir bé mat cho
dén vi tri gia tri do cmg on dinh trong nén) tir
0,7 dén 1,1mm. Theo [2,3,4,5,7], d6 bén udn tbt
nhat khi 15i ring dat gia tri tir 34-46 HRC. Hai
mau banh ring GAZ1 va ZIL1 thuoc nhom thép
hoé t6t c6 ham luwong cacbon cao hon, do d6 do
cimg nén cao hon cic banh riang thudc nhom
thép tham. Pong thoi cac banh ring nay ciing
khong thyc hién qui trinh nhiét luyén hoa tdt
theo truyén thong (nhiét luyén ho4 tét sau do toi
bé mit va ram thap). & ddy cac banh ring thudc
ho nay da dugc nhiét luyén toi va ram thép sau
thdm C-N dé nhén duoc t chire c6 do cing cao
(49-51HRC) hon han nén 1a t6 chic xoocbit.

PO THI DO CI’NG TE VI CUA BANH RANG TRUNG GIAN

65

60
=N
*\F&A
. ML
Q Sy ==
RN )
£ Xzﬁx k\\\ N
g \x\"\ \\ e la
5 . N Re-te = —e—GAZ1
g N R \
E \A X\ \ —*—H3
F; R el N
© 45 X -
\ Netoe-tc —=—TQ3
40 ] —o—zIL1
= —A—2ZIL5
35

PPLELESLELELLELELELLL.S
PSP AL S PP P S PSS
\'L’bv%bﬂ‘b%,@,\},;b,{b\y,@,&@

KIC tir b/m dén vét dam, Micromet

DO THI DO CUNG TE VI CUA BANH RANG THU CAP
65
.
60 N \
AR
g \ﬁﬂ\
I" 55 1
2 N A\
3 \\ \ —A—H1
©
<1
‘E * [ N
8 RRN o
N ?
Lleto
\A\ \x‘ﬁz——*——x
45 SN
Al o
—x—7IL3
40
RS D‘QQ%QQCOQQ/\QQ%QQQQQ\/QQQ,\,\,QQ \;‘96,;5@,\/@0@“0@ Qc\//\oc
KIC tir b/m dén vét dam, Micromet

Hinh 5. Do thi quan hé do cung va khodng cach Hinh 6. Do thi quan hé do cung va khodng cach

tir bé mat rang cua nhom banh rang trung gian

IV. KET LUAN

Nghién cuu da xac dinh dugc hai nhom
thép 1am banh ring hop sb 1a: nhom thép tham
véi cac mac thép tuong duong voi 25CrMnMo,
25CMnTi, 18CrMnTi (TCVN), trong do6 thép

83

tir bé mat rang cia nhom banh rang thir cap

uu viét hon ca 1a thép c¢6 chira Mo; va nhém
thép hoa tot v6i mac thép tuong dwong véi
40Cr, 35Cr (TCVN). Banh ring duoc ché tao
bang phuong phap dap néng c6 vu diém hon do
tao ra dugc thd lam tang kha nang chiu luc cia
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banh rang. Cac banh rang dugc hoa nhiét luyén 51HRC véi thép hoa tét. Chiéu day cua 16p
b?mg phuong phap thAm C-N & nhiét do cao, thAm tr 0,7-1,2mm. Trong cac bai bdo téi
sau d6 t6i va ram thap nham dat dugc do cung chung t6i s& trinh bay két qua nghién ciru tham
bé mit trong khoang 56-62 HRC, banh ring so C, tham C-N bang khi gaz Viét nam cho céc
cap, thir cip c6 do cing cao hon trung gian 1-2 mac thép trén.
HRC; 16i ¢6 d6 cimg tir 43-46HRC, c6 thé dén
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