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L&i néi dau

TCVN 14312:2025 hoan toan twong dwong ISO/ASTM 52942:2020

TCVN 14312:2025 do Ban ky thuét tiéu chuén quéc gia TCVN/TC 261 San
xuét bdi d3p bién soan, Vién Tiéu chudn Chét lwgng Viét Nam dé nghi, Uy

ban Tigu chun Do lwdng Chéat lwgng Quéc gia tham dinh, B6 Khoa hoc va
Cbng nghé céng bd.



TIEU CHUAN QuUOC GIA TCVN 14312:2025

San xuét boi dap — Nguyén tac danh gia — Panh gia ning lwc nguwoi
van hanh may va thiét bi san xuat boi dap giwéng bét kim loai bang
laze dung trong cac (rng dung hang khong vii tru

Additive manufacturing — Qualification principles — Qualifying machine operators of laser metal
powder bed fusion machines and equipment used in aerospace applications

1 Pham vi ap dung

Tiéu chudn nay quy dinh yéu cAu déi véi viéc ddnh gia ndng lec ngudi van hanh may va thiét bj san xuét
bdi dép giwrdng bt kim loai biing laze cho san xuat bdi dap trong cac trng dung hang khong.

Tiéu chudn nay 4p dung néu viéc kidm tra chi¥ng nhan ngudi van hanh dugc yéu ciu bdi hop ddng hodic
bdi cac tidu chun trng dung trong linh vire hang khdng.

2 Tailidu vién dén

Céc tai lidu vién dan sau rat can thiét cho ap dung tiéu chudn nay. D6i véi cac tai ligu vién din cd ghi
nam cdng bd thi chi 4p dung phién ban da néu. Bi véi c4c tai liéu vién dn khong ghi nam céng bb thi
ap dyng phién ban mai nhét, bao gdm ca cac stra ddi, néu co.

TCVN 14305 (ISO/ASTM 52900), San xuét bdi d&p — Nguyén tic chung - Co s& va tir ving

ISO/ASTM 52921, Standard terminology for additive manufacturing — Coordinate systems and test
methodologies (Thuat ngtr tiéu chu&n cho cac phrrong phép san xuét bdi dip — Hé toa dd va kiém tra)

ISO 18490, Non-destructive testing — Evaluation of vision acuity of NDT personnel (Kiém tra khéng pha
hiy - Banh gia thj lic ctia nhan vién NDT)

EN 4179, Aerospace series — Qualification and approval of personnel for non-destructive testing (Chudi
hang khéng — Chieng nhan va phé duyét nhan vién cho kiém tra khéng pha hiy)

NAS 410, Nas Certification & Qualification Of Nondestructive Test Personnel (Chirng chi NAS va chirng
nhan cla nhan vién kiém tra khéng pha hiy)
3 Thuét ngi¥ va dinh nghia

Tiéu chuan nay st dung céc thuat nglr va dinh nghia néu trong TCYN 14305 (ISO/ASTM 52900) va
ISO/ASTM 52921 va c4c thuat nglr va dinh nghia sau:
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Nguwoi kiém tra (examiner)

Ngudi duoc chi dinh d& xac minh sy phli hop véi tiéu chudn 4p dung

CHU THICH 1: Trong mdt s6 trrong hop, co thé yéu cau mét ngudi kiém tra dgc 1ap bén ngoai.
[Nguon: ISO 14732:2013, 3.12)

3.2

T4 chi¥c kiém tra (examining body)

T chirc dwoc bd nhiém dé xac minh sy tudin thi tiéu chuén 4p dung

CHU THICH 1: Trong mét s& treémg hep, ¢6 thé yéu ciu mét co quan kiém tra dc Iap bén ngoai.
[Ngudn: ISO 14732:2013, 3.13]

3.3

Ngwe&i van hanh (operator)

Ngwdi van hanh cac may bdi dép vat ligu givromg bot kim loai va thiét bj cho san xuét bdi dép
3.4

Quy dinh quy trinh san xuat bdi dap (additive manufacturing procedure specification)
APS

Tai liéu da da tiéu chudn va cung cép céc tham s6 can thiét clia qua trinh san xuét bdi dip dé dam bao
tinh I3p lai trong qué trinh san xuét

3.5

Quy dinh quy trinh san xuat boi dip so bo (preliminary additive manufacturing procedure specification)

PAPS

Tai lidu chiva cac tham sé can thiét clia qua trinh san xuét bdi dip ma vén chwa dwoc dU didu kién.

4 Panh gia
4.1 Téng quan

Cén chi dinh mt diéu phéi vién, bang van ban, d& chiu trach nhiém vé viéc kiém tra danh gia cho ngudi
van hanh, danh gia lai va huy bd dénh gia. Bidu phdi vién phai c6 kién thirc va kinh nghiém lién quan
dén qua trinh san xuét bdi dip givrdng bot kim loai bing laze va dwoc co quan c6 thdm quyén chép
thuan.

Céc bai kiém tra tiéu chudn cho ngwdi vén hanh phéi bao gbm ¢ac khia canh sau:

a) kiém tra ly thuyét;
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b) kiém tra thyc hanh;
c) béng chirng v& thj luc.

Bai kidm tra thuc hanh cho ngudi van hanh phai tuan theo quy dinh quy trinh san xuét bdi dép. Vi dy vé
quy dinh quy trinh san xu4t bdi d4p (APS) duoc cung cép trong Phuy luc D.

4.2 Céc tham s thiét yéu va pham vi danh gia ning lwe
4.2.1 Tong quan

Viéc danh gid nang lec clia ngudi van hanh may san xuét bdi ddp givdmg bot kim loai cho san xuét bdi
d&p dwa trén cac tham sb thiét yéu. Dbi voi mbi tham s6 thiét yéu, mot pham vi danh gia duoce xac dinh.
Néu ngudi van hanh phai lam viéc ngoai pham vi danh gid, can thiec hién kiém tra danh gia méi. Cac
tham s thiét yéu 1a:

a) nhém nguyén liéu bot;

b) méu may.

Ghi chti: Ddi véi miu may, xem 4.2.3.
4.2.2 Nhém nguyén lidu bot

Bai kidm tra ly thuyét trong khudn khd danh gia phai dugc didu chinh theo nhém nguyén ligu bot stir dung
cho san xuét.

Nhém nguyén liéu A: Thép khdng hop kim, thép hop kim thap, thép ferritic hop kim cao.
Nhém nguyén lidu B: Thép austenitic, thép martensitic va thép tdi cirng béng két tia.

Nhém nguyén ligu C: Titan va hep kim titan, niobi, zirconium va céc kim loai phan (g khac.
Nhém nguyén liéu D: Hep kim nhém va magié.

Nhém nguyén liéu E: Nguyén liéu khdng thudc cac nhém nguyén liéu khéac (vi du: molybdenum, tungsten,
hop kim ddng, titan aluminide).

Nhém vét liéu F: Hop kim nickel, hgp kim cobalt,

Viéc déanh gia thyc hién trong mot nhém nguyén lidu thi chi chirng nhan cho nhém cu thé dé.
4.2.3 Mau méy

Mau may lién quan dén nha san xuét may va loai may cu thé.

4.3 Bang chirng vé thj lwc

B4t ky han ché nao (vi dy, cdng cy hd trg th lwc khi can thiét d& vuot qua bai kiém tra thi lwc) phai dwoc
ghi lai trén chirng chi kiém tra danh gi4. B4t ky han ché nao vé kha nang phan biét mau séc phai dwoc
kiém tra trrdrc khi danh gia va dwoc ghi lai trén ching chi kiém tra dénh gia.
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Yéu cdu vé thi lyc phai dat dwoc bang cach st dung mdt mat hodc ca hai mét. Ung vién phai dat dwoc
kha n&ing thj lwc gin va kha néng phan biét mau séc dwoc quy dinh & day.

Céc bai kiém tra thi luc phai dwgc thire hién bdi nhan vién cé ning lyc.

Phwong phap kidém tra thi lc g3n phai dwoc chon tir mot trong c4c phwong phap sau:

a) bang kiém tra Jaeger s6 2 & khoang cach khoang 400 mm;

b) Visus 0,8 & khodng céch khoang 400 mm;

c) yéu céu thj lyc ctia EN 4179/NAS 410 hoic ISO 18490.

CH.-L'J THICH: Két qua clia 3 phirong phép kiém tra tﬁ] I gan khdng hoan toan ¢6 thé so sanh dugr.

Kha nang phan biét mau sic phai dugc kiém tra bang phwong phép phit hop, vi du nhw bai kiém tra
Ishihara.

Thi lc gan phai dwoc kiém tra theo cac yéu cau nay it nhat 2 ndm mét 1an. Kha nang phan biét mau sic
phéi duorc kidm tra theo céc yéu cAu nay it nhat 6 ndm mat Ian.

4.4 Kiém tra ly thuyét
Kiém tra ly thuyét phai bao gdm ndi dung dwoc cung cép trong Phu luc A,

Kién thtec ly thuyét phai duoc chieng minh téi thigu trong mot bai kiém tra tréc nghiém. Bai kiém tra phai
c6 tdi thidu 20 cau hai. It nhat phai tra 1&i ding 80 % cau hdi.

4.5 Kiém tra thwe hanh
Kiém tra thyc hanh phai bao gdm néi dung dwoc cung cip trong Phu luc B.

Dé chirng minh ky nang thie hanh, nguwdi van hanh phai thé hién cac budc quy trinh can thiét trén may
bdi d3p givdng bdt kim loai bang laze va phai thiét 1ap may theo mdt quy dinh quy trinh san xuét bdi dap
(PAPS hoic APS),

CHU THICH: Xem Phy lyc D d& biét vi dy vé& APS,

Céc ky nang nang cao dwgc ligt ké trong Phuy luc B phai dwgc ghi trén chitng chi kiém tra danh gi4 khi
da dwoc dao tao va dat kiém tra.

5 Chirng chi kiém tra danh gia

Nguwdi kiém tra hodc co' quan kiém tra phai chiing nhan ring ngudi van hanh may bdi dip giwdng bt
kim loai bing laze da vwrot qua tAt ca cac bai kiém tra thanh cong.

Néu ngudi van hanh may bdi dép giwdng bot kim loai béng laze khdng virot qua mdt trong cac bai kiém
tra theo 4.3, 4.4 valhoic 4.5, khéng cép ching chi da diéu kién.

Chirng chi phai chira it nhét c4c théng tin sau:

a) tén;.
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b) ngdy sinh hodc ma dinh danh, vi dy: s& nhan vién;

c) miu may (nha san xuét may va loai méy cu thé) clia may (cac may) duoc st dung dé danh gia thuc
hanh;

d) nhém nguyén liéu dwgc dé cap trong bai kiém tra ly thuyét;

e) néu cb, cac ky naing nang cao da duoc dao tao va kiém tra (theo Phy lyc B);
f) kinh didu chinh, néu can dé vurot qua bai kiém tra thj e theo 4.3;

g) ngdy cép chieng chi;

h) ngay hé:t han clia théi gian hiéu lyc;

i) t&n va chi® ky clia ngudi kidm tra,

Chirng chi phai dwgc cdp dwéi trach nhiém clia ngudi kiém tra hodc co quan kiém tra. Mt dinh dang
chirng chi dwoc d& xudt dwgc cung cép trong Phu luc C.

6 Tinh hop 1é cta bai kiém tra
6.1 Tong quan

Chirng chi kiém tra danh gia chi c6 gié trj cho cac md hinh mdy, nguyén liéu bdt va ky ning da dwgc
danh gia.

6.2 Th&i han hidu lye

Chueng chi kiém tra danh gia c6 hidu lyc trong vong 2 nam. Ching chi kiém tra danh gia clia ngudi van
hanh can dwgc gia han méi 2 nam theo quy dinh tai 6.3.

Chteng chf kiém tra ddnh gia hét han vao cubi thang trrong (ng véi ther diém kidm tra thyc té duoc thue
hién.

Viéc danh gi4 lai phai dwoc thyc hién trong thei gian higu luc bt et khi ndo:
a) c6 ly do d& nghi ngd riing ngwdi van hanh khdng dap (g cac yéu clu clia danh gia;
b) ngub'i van hanh khdng [am viéc trén md hinh may dwoc danh gia qua 6 thang;

c) két qua khdng dat yéu ciu trén cac chi tiét dai dién, lién quan dén viéc thiét 1ap may theo quy dinh quy
trinh.

6.3 Kiém tra d4nh gi4 lai

Péi véi bai kiém tra danh gia lai, cac yéu chu gibng nhuw dbi voi cac bai kiém tra danh gia ban dau ap
dung. Danh gia Iy thuyét c6 thé dwoc didu chinh theo kinh nghiém chuy&n mén clia ngwdi van hanh,
Danh gia thire hanh c6 thé duoc thire hién trong qud trinh san xuét. Két qua danh gi4 lai thanh cong can
dwoc ghi nhan lién tuc vao chitng chi kiém tra danh gia.

6.4 Bi kiém tra bd sung



TCVN 14312:2025

M&t bai kiém tra bd sung can duwoc thyc hién @& thém cac mé hinh may, nguyén liéu bdt va ky ning nang
cao vao chirng chi kiém tra danh gia. Ndi dung ctia danh gia ly thuyét va thuc hanh cé thé dwoc gici han
vao cac tham sé thé bd sung. Bai kiém tra bd sung khéng anh huéng dén hidu lyc cda chirng chi kiém
tra danh gia ban dau.
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Phu luc A

(quy dinh)
NGi dung dénh gia ly thuyét

Panh gia Iy thuyét phai bao gdm tbi thidu cac khia canh sau:

a) an toan lao ddng:

lién quan dén md hinh may;

bét (bdt ddc hai, nguy co chay va nd, i ly, thiét bj bao v& ¢4 nhan, khu vure cach ly);
méi trwdrng xt¥ ly (argon, nitrogen, chan khéng, hé thdng an toan);

phu gia (vi du: chat tiy riva).

b) thiét bj va qua trinh:

nguyén tic co bén clia qua trinh bao gdm wu diém va nhwoc diém clia qua trinh, cac linh vic (ng
dung;

tham sb qué trinh;

kién thirc co ban vé thiét bj;

chirc nang clia may;

béo tri theo hwéng dan clia nha san xuét/cong ty;

quy trinh chitng nhan cho may;

cac bign phap dam bao qué trinh (&n dinh dién, hinh hoc chum tia, vi tri chiim tia);
thiét 1ap may (vé sinh, gon gang, dé in);

XU ly bot (phé duyét, lwu trz, 6 nhiém);

theo dai 16 bét;

can thiép va cac anh hudng tiéu cire cia ching;

hoat dong hau xtr ly.

c) pham vi va thoi gian higu lyc cla chirng chi kiém tra danh gia:

pham vi;
thei gian higu lyc va kiém tra lai.

il
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Phu luc B
(quy dinh)
Ngi dung danh gia thwc hanh

Dénh gia thire hanh phai bao gdm tdi thidu céc khia canh sau:
a) I&p @3t va thiét 1ap hé thdng san xuét bdi dap girrdng bdt bang laze (L-PBF):

- x&c minh cAu hinh may (vi du: hé théng didu khién, diu quét, ngudn cung cAp tia laze, cung cap khi,
hé théng Iam mét, vé sinh va thay thé cac thanh phan);

— chudn bj (x{r ly, sang loc) va xac minh dé in va bdt (nguyén liéu du vao);

— taifile va xac minh d4c ta cdng viéc in dya trén APS (bao gdm viéc chén/xac minh céc tham sé qué
trinh néu cn);

—  x4c minh cac tham sd va didu kién tia laze (vi dy: &n dinh ngudn, hinh dang, dinh vi diém hdi tu);

— thwe hién bé tri san xuét, néu c6;

— tuén thl cac quy trinh v& sirc khde, an toan va médi trwéng khi lap dat va thiét 1ap hé thong L-PBF;

~ chuén bj may cho cong viéc san xuét;

— tuan th( va hoan tﬁénh tai liéu cdng viéc;

b) gidm sat va quan ly viéc san xuét cac chi tiét:

~ néu 4p dung, ddm bao c4c 16p dwgc san xuét theo y8u cAu chét lugng (vi dy: cac Iop dAu tién va
dinh ky);

- béo céo s cb va thye hién cac hanh ddng khic phuc hodc phdng nglra theo chi din;

- g bd dé in khéi may;

— g& bd bot khdi givdng bot va cac chi tiét;

~ tuén thl cac quy trinh vé strc khde, an toan va méi tredng;

— thye hién kiém tra co ban cac chi tiét da san xuét (khéng c6 kiém tra NDT);

c) chudn bj cac chi tiét L-PBF cho hau xr ly:

|

néu 4p dyng, cung cap théng tin tir dir liéu gidm sat qua trinh vé& c&c khu vyrc quan trong dé thir
nghiém mé& rong (vi du: gidm sat giwéng bdt, b4t thuweng trong san xuét);

— vé sinh cac chi tiét;

— chuyén cac chi tiét d& thic hién cac thao tac hau x Iy;

- tuan thd cac quy trinh v& strc khde, an toan va méi trudng;

d) bdo tri hé théng L-PBF:

~ thue hién cac quy trinh bao tri thiét bj (+ phdn mém);
- vé sinh va thay thé cac thanh phan vat ligu (vi dy: giwéng bot, chét tiy riva, b loc, kinh bao vé);
- béo céo sy cb;
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— tuan thi c4c quy trinh v& strc khde, an toan va mdi trwdng;
e) kj ndng nang cao, néu duwoc thye hién bdi ngudi van hanh may:

- do cbng suét;
— xac dinh hinh dang tia laze;
— dinh vj tia laze.

TCVN 14312:2025
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PhulucC
(tham khao)
Vi du vé chirng chi kiém tra danh gia cho ngur&i van hanh may boi dap giwéng bdt kim

loai bang laze

(Ngui str dung mau nay dwgc phép sao chép mau hién tai)
T8 chirc/ cong ty kiém tra

Chirng nhén tidu chuin van hanh may bdi dép giwdng bot kim loai béng laze cho san xuét chi tiét kim
loai theo TCVN 14312:2025 (ISO/ASTM 52942)

86 chirng chi kiém tra danh gié: S dinh danh ngudi van hanh;

Hovatén;
Ngay sinh:
Nha san xuat va dia diém:
D3 vao ngay xx-yy-zzzz thanh céng vurgt qua bai kiém tra tiéu chudn cho ngudi van hanh may béi dép
giwrdmg bot kim loai bing laze cho san xuét bdi dp chi tiét kim loai theo TCVN 14312:2025 (ISO/ASTM
52942).

Chi tiét bai kiém tra

Nha san xuat may va cac md hinh:

Nhém nguyén ligu:

Kinh diéu chinh cAn thiét: C6 [ ] Khéng |:|
Mb ta céc ky ndng nang cao da dwgc danh gia hodc bét ky han ché nao, néu co:

Chirng chi nay sé& hét han vao yyyy-mm [cubi thang cap ching chi + 2 nam], trlr khi dwoc gia han bang
cach ghi chi & mét sau sau khi vt qua bai kiém tra lai.
Noi cp va ngay cAp:

Ngudi kiém tra/Té chirc kiém tra
S6 chirng chi kiém tra danh gia: S6 dinh danh ngwdi van hanh:
Ho va tén:

14



Bai kiem tra lai dG diéu kién d3 vurot qua vao:

Noi va ngay xac minh:

TCVN 14312:2025

Thay ddi so véi chirng chi kiém tra tiéu chuén
trwée doé:

Ngudi kiém tra/T6 chire kiem tra

Bai kiem tra lai da dieu kién d vuot qua vao:

Noi va ngay xac minh:

Thay ddi so véi chirng chi kiém tra tiéu chuan
trwée do:

Nguwdi kiém tra/To chiee kiém tra

Bai kiem tra lai du diéu kién da vuot qua vao:

Noi va ngay xéac minh:

Thay ddi so véi chirng chi kiém tra tiéu chun
trerde do:

Ngudi kiém tra/To chiec kiem tra

Bai kiém tra lai 40 diéu kién da vwot qua vao:

Noi va ngay xac minh:

Thay ddi so véi chirng chi kiém tra tiéu chun
trude dé:

Ngudi kiém tra/T6 chirc kiém tra

Bai kiém tra lai da diéu kién da vwot qua vao:

Noi va ngay xac minh:

Thay ddi so v&i chirng chi kiém tra tiéu chuén
trwdre do:

Nguéi kiém tra/To chire kiém tra

15
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PhulucD

(tham kh&o)
Vi du vé quy dinh quy trinh San xuat boi dap (APS)

(Ngudi st dung mAu ndy cé thé sao chép mAu hién tai.)
Qué trinh: Bdi dp bdt kim loai béng lazer

S6 APS:

Phién ban/Ngay APS:

Béo céo kiém tra danh gia:

Nha san xuat/Mau:

S6 may:

Dia diém/Toa nha:

Loai ban in/Nguyén liéu:

Chuén bj ban in:

Thoéng sb bt:

Théng sb khi/dd tinh khiét:

Cai dat ap suét khi:

Cai dat lwu lugng khi:

Khéng gian in kha dung (w x d
x h):

Phién ban/phat hanh phan

2
mem:

Tham s6 may: Xem céc bang di liéu dinh kém ( trang)

Nguwdi tao (Tén/Chirc vu):

Ngay va chi¥ ky:

Nguwdi x&c nhan (Tén/Chirc
vu):

Ngay va chi ky:

16



Trang 2 clia s& APS/Revision:

Nhan dién chuwong trinh:

Phién ban/Ngay chwong trinh:

Po day iop:

Néng lwgng tia laze (ndi
bd/ngoai vi/hd tro):
Duong kinh tiéu diém:

Sét nhau cda dwdng han (ndi
bé/ngoai vi/hé trg):

Téc do tia laze (ndi bd/ngoai
vi/hd troy):

Théng sb nap bét:

Loai may gat bot:

Téc dd may gat bot:

Pidm kich hoat cdm tham sb
khi:

TCVN 14312:2025

CHU THICH: M6 ta/So dd v vi tri va dinh hwdng clia cac chi tiét va mau kiém tra chivng kién cin dwoc bao gdm

trong APS nay.
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Thw muc tai liéu tham khao

[1] TCVN 12424:2018 (ISO 14732:2013), Nhén sw han — Kiém tra chdp nhén tho han méy va the didu
chinh va cai dat thiét bj han doi véi han co khi héa va han ty déng vat liéu kim loai

[2] 1ISO 15609 (all parts), Specification and qualification of welding procedures for metallic materials —
Welding procedure specification ((tat c& cac phan), D4c tinh ki thuat va sy chap nhan cac quy trinh han
kim loai — Bac tinh ky thuat clia quy trinh han)

[3] ISO 24394, Welding for aerospace applications — Qualification test for welders and welding operators
— Fusion welding of metallic components (Han cho cac tng dung hang khdng vi try — Kiém tra trinh do
cho the han may va the diéu chinh — Han néng chay céc thanh phan kim loai)

[4] 1SO 52941, Additive manufacturing — System performance and reliability — Standard test method for
acceptance of powder-bed fusion machines for metallic materials for aerospace application (San xuét bi
d&p — Hidu suét va do tin cay ciia hé théng — Phuong phép thi» nghiém tiéu chudn @& chip nhan may
san xuét bdi dap givdng bot cho vat liéu kim loai cho trng dung hang khang vii try)
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