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Tém tit: Luyén kim bot ngay cang dugc ing dung rong rai dé ché tao cac chi tiét may
phuc tap, nhiing chi tiét c6 do cing, d0 ma sat cao va nhiét do lam viéc siéu cao trong
cong nghiép hat nhan, cong nghé tén lira, dong co phan Iyc. Vi nhitng wu thé hon kim
loai thong thuong, nhom tac gia da nghién curu, thir nghiém tao ra vat liéu ma sat maéi dﬁy
htra hen nhdm san xuat ma phanh cho nganh dudng sit.

Bai bao trinh bay qua trinh nghién ctru 1y thuyét va thuc nghiém tir cac kim loai bt thanh
phan ban dau, thong sd k¥ thuat qua trinh dic va thiéu két dé tao ra cac mau thi nghiém
c6 thanh phé”ln kim loai khac nhau. Sau dé, cic mau dugc thir nghiém dé kiém tra tinh ma
sat, cdu tric té vi, do cimg cta vat liéu. Két hop véi cac chuong trinh mo phong qué trinh
gia cong ap luc kim loai bot 1a Solidworks va Qform-VX dé phan tich ng suét trong
khuén, tinh toan hinh dang phti hop ciia ma phanh dudng sat. Trén co s¢ kinh nghiém cé
dugc, nhom nghién ciru da phat trién so d6 cong nghé dé san xuat phanh cho nganh
duong sit.

Két qua ctia nghién ctru da tao ra vat liéu ma sat tir cac kim loai bot thanh phﬁn véi nhitng
dic tinh ndi bat va trén co s& d6 phat trién cong nghé san xuat phanh cho nganh duong
sét.

Tw khéa: Kim loai bot, duong scft, ma sat, ma phanh.

RESEARCH ON POWDER METALLURGY AND TECHNOLOGY
DEVELOPMENT PRODUCTION OF BRAKE PADS FOR RAILWAY

Abstract: Powder metallurgy is increasingly widely used in the manufacture of complex
machine parts, details of high hardness, high friction and super high working
temperatures in the nuclear industry, rocket technology and jet engines. With the
advantage over conventional metals, the authors have researched, tested created new
friction materials promising to manufacture brake pads for the railway.

The paper presents the process of theoretical and empirical research from the initial
component powder metals, casting and sintering process specifications to create samples
with different metal components. The samples were then tested to test the friction, micro
structure, hardness of the material. Combined with simulation programs Solidworks and
Qform-VX to analyze stress in the mold, suitable shape of rail brake pads. Based on the
experience gained, the research team developed a technology diagram to produce brakes
for the railway.

The research results have created friction materials from metal powder with outstanding
characteristics and on this basis developed the technology for braking production for the
railway.
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1. MO PAU

Hién nay, mic du c6 rat nhidu loai hinh van tai song hé thong giao thong duong sit van
chiém ty trong 16n phuc vu viéc van tai hang hoa va hanh khach trén toan thé gidi. Mot chi
tiét hét strc quan trong trén cac phuong tién duong sat 1a ma phanh, day 1a chi tiét lam viéc &
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diéu kién nhiét d6 cao dudi ap luc 16n nén bi mon rat nhanh can kiém tra, thay thé thuong
xuyén dé dam bao an toan trong chay tau. Trudc day, cac ma phanh trén tau thuong duoc ché
tao béng vat liéu gang chiu mon cao tuy nhién hién nay dang dan duoc thay thé bai vat lidu
kim loai bot v6i nhitng uu thé noi bat hon so véi gang hop kim [1].

O Viét Nam hién nay, viéc nghién ctru ng dung cong nghé luyén kim bot dang dugc
trién khai va da c6 nhimng két qua phuc vu nghién ciru, san xuat cac thiét bi cong nghiép dan
dung va qubc phong [2]. V&i viéc nghién ctru cong nghé luyén kim bot két hop v6i qué trinh
thuc nghiém dé tai budc dau di tao va chon ra vat liéu méi véi nhitng dac tinh t6t dap tng
yéu cAu san xuit ma phanh. Trén co s& vat liéu da ¢6 nhom thuc hién tiép tuc phat trién cong
nghé san xuat phanh cho nganh duong sat dap ung cac diéu kién thuc té dé co thé tao ra san
pham.

2. NQI DUNG
2.1. Tong quan vé vit li¢u kim loai bot ma sat

Hé s6 ma sat c6 vai tro quyét dinh véi hoat dong ctia cac thiét bi phanh, n6 anh hudng
dén kha nang lam vi¢c cua phanh, déng thoi su 6n dinh cua hé sb ma sat quyét dinh cac hoat
dong tron tru phanh, khong giat va soc. Vat liéu ma sat can dam bao hé s6 ma sat trong truong
hop ¢ chat boi tron 1a 0.07-0.10. Trong truong hop khong co chat boi tron hé sé ma sat
khong nho hon 0,20 [3].

Bot sit 1a loai vat liéu ma sat, c¢6 thé lam viéc trong diéu kién ma sat kho. Sit c6 diém
néng chay cao,kha nang chiu nhiét co thé dugc diéu chinh khi thém mot loat cac kim loai
khac. Béng 12 mot kim loai co tinh tt, c6 d6 dan dién va dan nhiét cao. Than chi dic trung
boi tinh chat boi tron dang kho thuc déy su 6n dinh phanh, dac tinh hoa hoc tro, thuong &
dang hat 16n. Crom 1a mét trong nhimng kim loai ¢6 d ctig cao, crom nguyén chat dé trong
vi€c gia cong co khi.

Cong nghé chinh trong san xuét bao gém: Lua chon thanh phén cac loai bot kim loai,
tron déu hdn hop bot vai nhau, tao hinh béng khuén nén, thiéu két, gia cong co khi.
2.2. Tao miu thye nghi¢m tir kim loai bot

Vit li¢u ma sat trong h¢ théng phanh c6 thanh phﬁn chinh 1a déng hodc sit. Vat liéu véi
thanh ph?m chinh 1a sit bd sung thém déng, than chi, Silic Cacbua, Bo cacbua, nhom oxit,
ferocrom (hinh 1).
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Hinh 1: Cac logi bot kim logi ma sat trong thanh phd‘n hén hop kim logi

Dua trén viéc tham khao cac tai li€u quéc té vé thanh phﬁn hoa hoc trong vat li€u ché
tao phanh trong nganh duong sat tién hanh tao 3 loai mau thyc nghiém véi thanh phan dugc
thé hién trong bang 1 [4].

Bdng 1: Thanh phan héa hoc cia cdc loai mau thiee nghiém theo khéi lwong (%)

Ki hi¢u mau Fe C Al O, Cu SiC B,C Ferocrom
Ne 1 67 8 3 12 5 5
No 2 36 30 3 17 14
Ne 3 45,6 11,4 3,8 21,5 17,7

Vit liéu kim loai bot thanh phan 1a: bot sat (PZHR3.100.26), bot dong (PMS 1), nhém
Al,O3(TR), Silic cacbua SiC, Bo cacbua B4C, Ferocrom, than chi.

Viéc ddng nhéat hon hop bot 1a viéc vo cling quan trong anh hudng dén chét luong san
pham. Quy trinh trén gdm: dau tién bot sit cung cac chat phy gia duge tron trong 1 gio, cac
loai bot c6 thanh phan nhiéu hon dugc thém sau va tiép tuc tron trong 1 gio (hinh 2) [5].




Hinh 2: Trén hon hop kim loai

Sau khi tron vat liéu tién hanh cén chia lidu lugng mau thyc nghiém

Hén hop duoc nén trong khudn véi luc nén 56 kN dugc thuc hién trén may nén thuy luc
100 kN.

Khi ning lwong nhiét dugc truyén cho khdi bot nén, khéi nén duoc két khdi va kich
thudc hat trung binh s& ting, hién tugng co ban nhu thé xuét hién trong qua trinh nay, goi 1a
thiéu két, 1a qué trinh két khdi va 16n hat.

Trong nghién ctru thuc nghiém mau tién hanh thiéu ké & 2 méi trudng khac nhau: trong
16 nung nhiét d¢ cao nhiét d¢ nung tir 1040 °C - 1100 °C voi vat liéu thanh phﬁn chinh 1a sit;
trong 10 nung Hidro v&i nhiét 6 nung 1050 °C (hinh 3).

Hinh 3: Mdu thi nghiém da thiéu két trong 16 nung Hidro
2.3. Nghién ctru vit liéu clia cic miu da tao thanh

bé nghién clru mau thi nghiém can dong ran mau trong mot khoi tron dac nham muc
dich dinh hinh, dé dang trong bao quan, thuc hién viéc mai mau, kiém tra cau truc kim loai.

Tién hanh nghién ctru ciu tric vat lidu trén thiét bi Axio Lab v6i kinh hién vi phong dai
50x, 100x, 200x [6]. Phan tich hinh anh thu duoc ta théy cAu trac vat liéu ¢ thanh phﬁn chinh
1a sit va dong phan bd kha ddng déu sau khi thiéu két, xuat hién cac hat thanh phan vao 15 khi
dugc xac dinh 1a hat than chi (c6 kich thudc 16n ranh gidi rd rang). Hinh 4 gidi thiéu mot sb
hinh anh sau khi phéan tich cAu trac vat liéu.
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Hinh 4: Mét s6 hinh anh phan tich cau tric vét liéu thir nghiém

Tién hanh do d6 ctng timg mau thi nghiém trén may do d6 cting Metkon Duroline M

Két qua do thyc nghiém dwoc phan tich va tong hop thé hién trén hinh 5, theo két qua
thu duoc ta co thé thdy mau s6 03 c6 gia tri d6 ctng khi thiéu két & 16 nung va ca & hidro 6n
dinh, phii hgp dé ché tao phanh duong sit.
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Hinh 5: Gid tri dg citng cua tirng mau thi nghiém qua phan tich
Thi nghiém duoc thuc hién trén may do h¢ s6 ma sat tu dong TRB-S-CE-0000.
Thi nghiém dugc thuc hién theo tiéu chuan DIN 50324 (1992-07)
Tinh toan luc thi nghiém, ta c6 théng s dau vao trong thi nghiém:
- Luc tac dung lén phéi thi nghiém: 2 N
- Khoang di chuyén: 4mm
- Van tée: 12 m/s
- Puodng kinh bi tiép xtic 3 mm
Két qua thi nghiém duoc thé hién trén do thi (hinh 6)
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Hinh 6: D6 thi két qud kiém tra hé s6 ma sat vat liéu ciia mau sé 03

Két luan: Vi két qua dat dugc cho théy hé sb ma sat qua dd thi tuong ddi 6n dinh, hé
s6 thé hién vat liéu c6 hé sb ma sat phu hop véi muc dich dé ra.

2.4. Phat trién cong nghé san xuit phanh cho nganh dwong sit

Sau khi tién hanh nghién ctru tinh chat cta cdc mau thi nghiém, ta chon mau Ne 3 véi
nhiing tinh chét tdt nhét. Tinh chat cua vat liéu duge chon duge thé hién trong bang 2

Bang 2: Tinh chdt vt liéu ma sat

Tinh chit [Khdi luong riéng y, g/em®| D6 cung, HB | Ap luc ép, MITa | Hé s6 ma sat

Ne 3 4,2 222 500 0,37

Cong viéc hét sirc quan trong tiép theo d6 1a tinh toan cac thong sb hinh hoc ctia khudn
nén vat liéu. Dé tir d6 ta dua ra thiét ké khuon dam bao t6i vu hoa qué trinh nén cling nhu tao
ra chi tiét dap Gmg yéu cau. Két qua va phén tich dir liéu khi mé phong qua trinh nén trén phan
mém Qform duoc tom tit qua hinh 7.
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Hinh 7: Két qud phan tich t6c dg bién dang, utng sudat cua vat liéu va ciia thiét bi, mdt do vat
liéu khi nén

Cung voi d6 1a viée lya chon thiét bi ché tao va dam bao qua trinh san xuét theo tiéu
chuan GOST 25698 va GOST 7565 vé san xuit phanh phuc vu nganh dudng st.

Véi nhitng nghién ctru 1y thuyét va thuc nghiém ciing nhu kinh nghiém thuc té nhom
thuc hién dua ra so do quy trinh cong nghé san xuit phanh duoc thé hién & hinh 8.

Fe (45,6%) Cu (21,5%) C (11,4%) él;gj) q)(elp‘fpgy‘:fg;m

Hdn hop bt cdc kim loai

Tron déu trong 2 budc:
1. Tron hén hep thanh phin khi khong cé than chi (1 gio) 2. Tron hén hop véi than
chi (1 gio)

Ep hdn hop trong khudn (P=500 MPa)

Thiéu két trong Hidro T= 1050 ‘C, 2 givr

Kiém tra (kich thwéc, d§ cirng, mat dd, hé s6 ma sat,...)



Hinh 8: Quy trinh cong nghé san xudt md phanh
3. KET LUAN

1. Pé tai da tap trung nghién clru vé thanh ph?m vat liéu kim loai bot dé tao ra 03 loai
vat li€u ma sat phuc vu nghién ctru thuc nghiém;

2. Véi viée nghién ctru trén 03 mau vat liéu bang cac phuong phap kiém tra do cing, do
ma sat, nghién ciru vé cau tric kim loai va mot s6 phuong phap danh gia khac dé tai da chon
ra dugc 01 mau dép tng day du cac yéu cau vé vat liéu phuc vu ché tao ma phanh trong nganh
duong sit;

3. Dua trén kinh nghiém trong linh vuc gia cong ap luc cung vdi vat li¢u moi tao ra
nhom nghién ctru da phat trién cong nghé dé san xudt phanh cho nganh dudng sat tuan thu
theo diing tiéu chuan san xuat ctia Lién Bang Nga.

4. Pé tai ciing chinh 14 tién d& trong viéc hop tac nghién ctru va chuyén giao cac cong
nghé, ing dung cua kim loai bot dﬁy htra hen tuong lai.
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