I'ogumank Ha BCY Tom XLII, 2020

AHAJIN3 HA TEXHOJIOI'MYHUTE OCOBEHOCTH ITPH
ACEMBJIMPAHE U 3AIIOSIBAHE HA IIEYATHATA IIVIATKA

IInamen AHreJsioB
bypeacku ceobooen ynusepcumem

ANALYSIS OF THE TECHNOLOGICAL FEATURES IN THE
ASSEMBLY AND SOLDERING OF THE PRINTED CIRCUIT
BOARD

Plamen Angelov Angelov
Burgas Free University

Abstract: In the production of a printed circuit board (PCB) there are basic standardized
norms that must be observed, especially in cases where this board will be prototyped. The
different ways of assembling the components and the way of wiring have a significant
impact on the production technology. After completion of the design, the assembly and
soldering processes of the printing module must be observed. As it turns out, not everything
ends with the production of the printed circuit board. Prototyping is followed by assembly
and soldering of electronic components. This is a process of carefully arranging, attaching,
and soldering the intended components.
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BoBenenue

[Ipy npoHM3BOACTBOTO Ha I€YaTHA IUIATKA CHLIECTBYBAT OCHOBHH CTaHIAPTHU3UPAHU
HOPMH KOWTO TpsiOBa 1a ObaT cHOM0aBaHu, OCOOCHO B CIlydauTe KOTaTO Ta3M IUIaTKa IIe
O0bae nporoTunMpana. Pa3nuyHnTe HAUMHNA HA MOHTa)X HAa KOMIIOHEHTHTE M HAauYMHA Ha OIl-
POBOZSIBaHE OKa3BaT CHIIECTBEHO BIHMSIHHE BBPXY TEXHOJIOTHATAa Ha Npou3BoAcTBO. Cien
3aBBpIIBaHE Ha NMPOEKTHUPAHETO, TPAOBA J1a ce CHOM0ABAT MPOIECUTE Ha aceMOIMpaHe U
3amosiBaHe Ha meyaTHUs MoyJl. KakTo cTaBa siCHO He BCUUKO IPHKIIFOYBA C IPOU3BOACTBO-
TO Ha ITeYaTHata miaTtka. Ciel IpOTOTHIIMPAHe Clie/(Ba aceMONIUpaHe U 3ar0sBaHe Ha eleK-
TPOHHHTE KOMIIOHEHTH. ToBa e Ipoliec Ha BHUMATEIIHO MOAPeXJaHe, IPUKPEIsHE U 3a110s-
BaHE Ha MPEABUACHUTE KOMIIOHEHTH. 3a MPeLH3HPaHeTO Ha TEXHOJIOTHYHHTE IPOLECH €
Heo0XouMO Jia ObaT CIIa3eH! CIICTHUTE PEHOPBKHU:

1. Chr3naBaHe Ha rpaduyeH 0THEYATHK HA €JIEeKTPOHEH eJIeMeHT

Bemnbxk cieq kaTo MpOeKTaHTa € Ch3ajl TOYHHTE ClieHU(pUKAIUK Ha IeyaTHaTa IUio-
IIaJIKa ClieBa Jla ce MPOEKTHpa LUIOCTHUS rpaduyeH OTIeYaThbK Ha KoMIoHeHTa. Topa
BKJIIOYBA pacTepa MeXy U3BOAUTE Ha KOMIIOHEHTA U Opa3MepsABaHe Ha (GU3NYHHUTE pa3Me-
pH criope]] MperopbKaTa Ha MPOU3BOAUTENS, KOTAaTO MOJOOHH HPETNOPBKH HE ca OTKPHUTH
MPOEKTaHTa MOXe J1a u3no3Ba copryepHa 6a3za ot qannu Ultra Libralian [1]

[Tpumep mokaspal HEOOXOAUMOCT OT Ch3JaBaHe Ha rpaduueH orrnedyaTbk HAa MOSFET
TPaH3UCTOP € MOKa3aH Ha ¢urypa.l.
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Quzypa. 1. MOSFET mparnsucmop 2N7002 ¢ epaguuno osnauenue u usbpan xopnyc
Ha xomnonenma npenopwvuan om Ultra Llbralian [1]

B codryepaure OubIHOTEKH Ha mporpamara 3a IPOSKTHPAHE MHOTO OT CTaHAAPTHH
KOMITOHEHTH Ca HaIMYHU M MOTaT qa ObJar W3MON3BaHu. B ompeneseH MOMEHT Ha MPOeK-
THPAHETO Ce Hallara W3MOJI3BAHETO Ha CIICHH(DHUYHH eICKTPOHHH KOMIIOHEHTH, KOWTO HE ce
cpeliar B cTaHAapTHUTE OubanoTeku. B To3u ciydail mpoekTanTa caM ch3aaBa rpapuaHus
OTIEYaThK HA HOBUSI KOMIIOHEHT.

Ju3zaiina Ha BCekH rpaduyueH OTIEYATHK CIIE/IBA OMPEACIICHH CTAHAAPTH, KATO 38 BCCKH
HOB eJIeMEHT TpsiOBa aa ObJe choOpa3eH HAYMHA Ha HETOBOTO PA3MONIOKEHHE U eICKTPH-
YeCKO CBbp3BaHe. [IpoeKTHPaHEeTO € CTPOro CreludUIHO, HO B HA-00IIMS Cilydyall BKITFOY-
BA CTBIIKHTE:

* Opa3MepsiBaHE HA HOBUSI OTIIEYATHK — MPH MPOSKTUPAHE TO3U rpauveH OTHeYaThK
ce OIpeJielisl pa3noI0KEeHUETO Ha HOBHAT KOMIIOHEHT U Pa3CTOSHHUETO MEKIY ChCEIHUTE
enemeHTH. [IpoekTrupaneTo Ha crelupUIHE KOMIIOHEHTH CJIeBa BHUMATEIHO qa ChoOpasu
TE3U pa3MepH.;

* OnpenensiHe HA PA3IONOKCHHUETO U OPOs HA W3BOAUTE HA JKENIAHHS KOMIIOHEHT —
€/IMH OT Hal-Ba)YKHWUTE APAMETPH ca Oposi Ha U3BOAUTE U TAXHATA (QYHKIIMOHATHOCT;

* OmnpenensHe HA pacTepa MKy M3BOAUTE HA KOMIIOHEHTa — TapaMeThpa OIpeaesis
MEXKIyLEHTPOBOTO Pa3CTOSIHKIE HAa U3BOJHUTE CHOOPA3CHO C TOJEPAHCa MPEIOPBYaH OT HPOo-
H3BOUTES;

* OmpezensHe HAa TOJEMUHATA HA MeYaTHATA IUIONIAKA WX OTBOPHUTE 32 BCEKH OT
M3BOJAUTE — FOJICMHUHATA Ha IUIONIAKaTa 3aBHCH OT TUIIA HA U3II0JI3BAHUS KOMIOHEHT:

0 MukpoeneMeHTH 3a MOBbPXHOCTEH MOHTaX (Surface-Mounted Devices SMD);

0 Enewmentu ¢ mpoxomuu otBou (Trough-hole devices);

O CIOpej TUIMA Ha M3MOJI3BAHMS KOMIIOHEHT ChINECTBYBAT PAa3INYHU CTAHIAPTH IIPU

OPOCKTHPaHe Ha Tpa(pUyIHUS OTIICYaTHK HAa KOMIIOHEHTA.

a) Cb3gaBaHe Ha rpaduyeH OTIEYATHK HA eJIEKTPOHHH €JIEMEHTH C IIPOXOJEH OTBOP

[Ipoextupanero Ha rpadueH OTIICYATHK HAa TO3M THII KOMIIOHEHTH HE BUHAI'M MOXE
Jla ce OTKpHE B IIMPOKOPA3MpOCTpaHEeHHTe Ombanoreku. BepostHata mpudnHa 3a ToBa €
crenuduKaTa Ha TO3W THIT €IEMEHTH U TSIXHOTO MO-MaJIKO M3II0JI3BaHE B MUHHATIOPH3HUpa-
HUTE ycTpoiicTBa. OOMKHOBEHO TO3M THUI KOMIIOHEHTH Ca 3HAYMTENHO Mo-TojieMu oT SMD
€JIEMEHTHTE M YECTO CE CBBP3BAT C PabOTa NpH I0-BUCOKA MOIIHOCT. ToBa rocTaBs crenu-
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(mUHN M3UCKBAaHUS KbM NPOEKTHUPAHETO Ha rpadHyeH OTIEeYaThK Ha Te3W KOMIIOHEHTH.
ITpn npoexkTupaHeTo Ha TO3W TUI EIEMEHTH Tps0Ba /a ce choOpa3siBaT peanlia AOITbJIHH-
TEJIHM W3UCKBaHUs, KaTo:

* Criope]] HauMHa Ha W3BEKIAHE HA H3BOJIA OT KOMIIOHEHTA — PaJIHAIIHO MIIH aKCHAITHO;

* (O3HayeHHEe Ha ONpeJeIIcH H3BOJ] Ha KOMIIOHEHTH — IIPH MHTETPAJHU CXEMH Ce 0TOe-
JSI3Ba ITBPBH U3BOJI.

JuzaiiHa Ha eneMeHTa ¢ MPOXOJeH OTBOP MOKa3Ba rpau4eH OTIeyaThK Ha ClIeHHalIH-
3upan WAGO KoHEKTOp € Ioka3aH Ha ¢urypa. 2.

Queypa. 2. Cneyuanuzupan mpuussooern WAGO saxpansaw konekmop

b) I'paduyen orneyarbk Ha SMD eleKTPOHHM eJIeMEHTH:

B msxo#i crydail € He00X0AUMO TOMBIHUTENHO Ch3JaBaHe Ha TpadiueH OTIeYaThK Ha
enektponed SMD enement. Haii-ynoOHus HauuH 3a Ch3/aBaHE Ha MOJOOEH OTIIEYATHK €
M3MOJI3BAHETO Ha ChHIIECTBYBAIl KOMIIOHEHT OT OubOimnoreunus ¢aitn. M30upa ce Haii-
OJIM3KHS €JICKTPOHEH KOMIIOHEHT KOWTO C€ ChXpaHsBa IO Pa3IMYHO MME, Taka MOJyde-
HUST HOB KOMIIOHCHT CE PEIaKTHpa CIIOpe] HOBUTE M3MCKBaHUsA. B yecT ciyuail ce HaO-
JIF07aBa pa3jivKa B 03HAYCHHETO Ha KOMIIOHCHTA MM HETOBHAT Ipad)uueH OTICYAThK, KOe-
TO € CBBP3aHO C MaJlka peAaKius Ha enemeHTa. [Ipu momo0Ha pemakius mapaMeTpuTe Ha
BCCKM HOB CJICMCHT clielBa Ja OBJaT CPaBHEHU C MPEHOPHUYUTEIHATA JOKYMCHTAIUS Ha
npousBoauTels. Bee moBeue MpOU3BOAUTENN MpeiaraT MPEmophbUIUTEIIHN pa3Mepy Ha rpa-
(hUIHAS OTIIEYaTHK, KOSTO YEeCTO CE M3II0NI3Ba KaTO OTIIPaBHA TOUYKA IIPH MPOSKTHUpaHeTo. B
CIIy4anuTe KOraTo MoJ00H! apaMeTpH He ca IIOCOYCHH, ChIIUTE MOTaT Aa ObaT OTKPUTH B
codryepHa 6a3za ot nanau Ultra Llbralian 6e3ruraTHO MpHUIOXKEHNE CH3AaJCHO B TOMOII Ha
MPOEKTAHTUTE HA MEYaTHH IUIATKU. [IpaBMITHOTO MpOEeKTHpaHe Ha TeYaTHaTa IUIOMIaaKa €
OTIPENIEIISIIO 33 MUHIMAJIHOTO KOHTAKTHO CHIPOTHUBIICHHE B MSICTOTO Ha CBBP3BAHE MEXKIY
eJeMeHTa M IeuaTHaTa IuiaTtka. Pa3Mepa Ha medaTHaTa IUIOIMIAAKa € He0OXO0AUMO JIa TIpes-
BU/IM JOIYCKUTE B Pa3MEPUTE Ha M3BOJAA, OCOOCHHO B Cly4aWTe Ha MpoekTupaHe Ha SMD
komrnoneHTH. ChinectByBa crannapt [IPC-SM-780 koiito nedunupa crienuduaHuTe KOpITY-
cu Ha SMD enemenTure. [Ipumep 3a HOB rpaduueH orneyarbk Ha SMD KOMIIOHEHT € 1o-
Ka3aH Ha durypa 3.
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@ueypa. 3. Hos epagpuuen omnevamvk na SMD enemenm

2. MoHTHpaHe Ha eJIeMEHTHTEe M HAYNH HA OPUEHTALUSA

W3paboTBaHeTo Ha IeyaTHaTa IUIaTKa YecTo ce ChoOpa3siBa C TEOMETPUYHUTE OIPaHu-
YeHUs! B MACTOTO Ha MOHTaka. MOHTHpaHe Ha BCHYKM KOMIIOHEHTH Ha TO3M CJIOH ce orpa-
HHYaBa OT BHHIIHM KOHEKTOPH M W3BOJM Ha nedarHara ruiarka. Cien cbobpassiBaHe Ha Te-
31 OTPAaHWYMTEITHH YCIOBUS Cie/Ba Mope10a Ha eJIeMEHTUTE BbpXY IedyaTHus Moayil. To-
MIOJIOTUSATA HA TOIPEX/IaHEe HA KOMIIOHEHTHTE MOXKE J1a OTPEJEIH TOYHHUS MOAXO 33 TAX-
HOTO 3arosiBaHe. [locTaBsiHETO M OpHUEHTANMATa HA KOMIIOHEHTHTE MOXE Jja Ob/ie aBTOMa-
TU3UPAHO WJIM PBYHO M CE OrpaHMYaBa OT HAYMHA HA MPOCKTHUPAHE HA INCYATHUS BB3EI.
Pa3nonoxeHneTo Ha KOMIIOHEHTHTE HAMA Jja MPOMEHH YyCTBUTEIHO (DYHKIIMOIHOCTTA Ha
NeyaTHaTa IUIaTKa, HO MOXKE Jla HaIlpaBH Ipolieca Ha HACHILAHE MO-IOoCThIIeH. Hskoit oc-
HOBHH HACOKH IIPHU ITOCTaBsIHE Ha KOMIIOHEHTHTE MOrar aa ObJat:

* B mpomeca Ha LSAIOCTHOTO MPOEKTUPAHE Ha MEUaTHUSI Bb3€] Pas3NOI0KEHHETO Ha
MeYaTHUTE TUIOLIAIKU BHHATH Ca C IPUOPHUTET CIPSIMO MEXaHUYHOTO pasroyiokeHue. Boi-
peku To3u (aKT MOCTABIHETO Ha KOMIIOHEHTHTE TPsOBa Jia Objie MOJIPaBHEHO, B CIIydanTe
KOraTo ce M3I0JI3Ba aBTOMAaTU3MPaH MOHTaX Ha Ie4aTHaTa IulaTKa ce MpernopbyBa KOHEK-
TopUTe a ObJAT PAa3NONOKEHH €IHOCTpaHHO. ToBa ce Hajlara mopaayu TeXHOJIOTUYHU OTpa-
HUYCHHS Ha Ipoleca Ha aBTOMAaTH3UPAHO 3arosBaHe;

* [lpu pa3paboTBaHETO Ha MEYATHM IIATKH M3IIOJ3BAIIM aHAJIOTroBa M IUdpoBa yact
TpsOBa /1a ce B3eMe B IPEABHJ BHCOKAaTa YyCTBUTEIHOCT Ha aHAJIOTOBOTO M3MepBaHe. C
IIeJT TT0-BUCOKA IITyMO3aIIMTEHOCT TOBA MPEIN3BHKBA H30MPaHe HA aHAJIOTOBaTa IpyIia;

* [locraBsHEeTO Ha pHOOBETE Ha KOMIIOHEHTHTE TpsiOBa Ja ObJe MmapajellHO Ha CTpa-
HHUTE Ha IleyaTHaTa IiaTka. B ciydaiite korato neyarHara ImiaTka M3I0J13Ba KOMIOHEHTH C
IIPOXOJIHN OTBOPH T€ TPsiOBa fa ObAAT pa3NONI0KEHN €AHOCTPAHHO HA MeYaTHHUA Bh3esl. Ha
MIPOTUBOIIOJIO)KHATA CTPaHA CE€ MOHTHpPAT 0€3-M3BOAHUTE MUKPOKOMIOHEHTH. IIpu mpoto-
TUITHU CEPHH ABAaTa TUIIA PA3MOJIOKEHUS MOraT Jja 0bJaT KOMOMHUPAHH, HO TIPH TO3H XHO-
pHJICH HAYMH KOMIIOHEHTHTE C€ HACHIIAT OT OIepaTop;

* [lpu npoexTtHpane TpsOBa Ja ce cboOpa3siBa, Y€ KOMIIOHEHTH C IIOBEYE HM3BOJU
(PLCC, BGA), MoIIHH pe3uCTOpH, BUCOKOBOJITOBH €NEKTPOJIUTHU KOHAEH3aTOPH HEe OMBa
Ja ObIaT MOHTUPAHM OT JIOJIHA CTpaHa Ha IeYaTHHUS MOAyJ. B mpakTudeckus ciydail Tasu
CTpaHa ChBIIaJa ChC CTpaHaTa Ha CIIOSBAaHE Ha €JIEMEHTHTE (C IPOXOJHM OTBOPH) U HE
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NpeABMKIA TOCTAaThUHO MSCTO 3a OXJakaaHe. EJIeKTpoIuTHUTE KOHAEH3aTOpH, ITHOAN U
MHTETPaJIHNA CXEMH cje/Ba Jla ObaT OPUEHTUPAHM Taka, 4e J1a ObJaT yAoOHH 3a TeCTBaHe.
B cnyuaii Ha IpUHYIUTEITHO OXJIAXKAAHE MOIHUTE KOMIIOHEHTH Clle/iBa 1a ObaaT pasmolio-
JKEHH Taka, 4e Jja KOHTaKTyBaT C BBHIIECH paauatop. ToBa Baku M 3a MOLIHHU PE3UCTOPH H
KOMIIOHEHTH M3UCKBAIlU JIOITBJIHUTEIHO OXJIaXKIaHe. ;

* [lpu npoeKkTHpaHe Ha EYaTHUS MOYJ € 100pe CThIIKAaTa Ha Pa3MoJI0KeHUE Ha KOM-
MOHEHTUTE Aa Obje onTuMu3upana B rpanuimre oT 20mils (0.5mm) go 100mils (2.54mm),
KOETO YJOBJIETBOPsBa CBETOBHUAT ctaHmapT [PC2221A. M360p Ha mo-roisiMa CTHIIKA I
HalpaBy TBBPIE IPy0O0 paslONOKEHUETO Ha OTICIHHUTE KOMIIOHEHTH, IOKATO IO-MaJIKHTE
pa3Mepu Ouxa 3aTpyIHWIN HoapaBHsiBaneTo. [lo-npenm3sen pacrep ot Smils 1o 20mils yecto
ce M3IO0JI3Ba 3a ONPOBOASBAHE HA IEYATHUS MOXYJ WM NpEHapeXIaHe Ha MMeHara Ha
KOMITOHEHTHUTE (B CIy4aiiTe KOraTo Te3d MMEHa y4yacTBar). MacHBHUTE KOMIOHEHTH CIe/(Ba
Jia ObJIaT TOBIHUTETHO CTAOWIM3UPAaHH KbM [€UaTHHUSI MOYJI C MEXaHUYHO YKpEIBaHe.

[IpumepHa neyaTHa ruraTka KosiTo YAOBJIETBOPSIBA TOCOUSHNUTE N3UCKBAHUS € TIOKa3aHa
Ha cieBaniaTa Gpurypa:

Quzypa. 4. [Ipumepna neuamua niama y0oe1emeopasauja nocoyeHume U3UCK8aAHUsA

3. TIIpomec Ha HacHIaHe HA €JIeKTPOHHHUA MOAY.JI

CrIiecTBYBaT [1Ba IMOAXOJa 3a HACHIIAHE Ha TeYaTHATa IUIATKa — IBPBHUAT € PHUYHO
HaCHII[aHEe Ha MOJyJIa, TOKaTO BTOPHSAT C€ CBBP3Ba C aBTOMATHYEH IPOIleC Ha MOJIpEkKTaHe
Ha KoMmoHeHTuTe. [Iporieca Ha HacuIllaHe 3aBUCH OT TUIA HAa M3MOJI3BAHUTE €JIEKTPOHHU
KOMIIOHCHTH M TAXHOTO PAa3IOJIOKCHUC. Yecto npu HSIKOM IMPpOU3BOACTBA CC MPEAINIOUNUTAT
W JBara moaxoja (phbYeH M aBTOMATU3UPAH Mpoiiec). Merona Ha HACHIAHE € OT 0COOCHO
3HaUEHUE 32 HAJEeKIHOCTTA HA MeJyaTHaTa Iuiatka. M3mon3Bar ce MeXaHHUYHU TO3UIMOHU-
paHHs Ha KOMIIOHCHTHTE KaKTO M XMMUYHH MPOIIECH HA 3aIlosiBaHe, KOMTO Morar Jia Obaar
pelaBaliy Npyu NpoabKUTEIHO HATOBApBaHE HA MPOTOTHUIIA.
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a) IIpomec Ha pbYHO HACHIAHE HA KOMIIOHEHTHTE

YecTo TO3M IMpOIEC CE MPEANIOYNTA IPH MPOM3BOACTBO HA MKW CEPHH EJIEKTPOHHH
yCTpoiicTBa WM NPH TECTBaHE Ha MpoToTunH. Koraro ce HacuIaT pasHOTUITHU OJIOKOBE OT
€IMH MOJYJI c€ M3MOJI3Ba TOAX0/1a 33 pa3/iesiTHE Ha MOyJIa Ha HAKOJKO IPYNHU EIEMEHTH.
ITpn Bceku OT TAX MMa pa3iIM4yHA IPyTa CIEHUAINCTH OTTOBOPHH 33 HACHIIAHETO Ha EJICK-
TPOHHUTE KOMIIOHEHTH KbM II€4aTHHS MOy 1. To3uM mpoliec Ha MOHTHpaHE Ha €JIeKTPOHHH-
Te KOMIIOHEHTH C€ CBBP3Ba ¢ JU(EPEHIMPAHO TECTBaHE HA MEYaTHUTE BB3IH C 1IeJ (QyHK-
IIHOHAIHOCT M pabOTOCIOCOOHOCT Ha MoAyJa. To3M MOAX0a Ha HACHIIAHE MOXe Aa Obae
TpyZHA 3a7a4a, HAKOH KOMIIOHEHTH M3II0I3BaT IPOXOAEH OTBOP C KOMTO Ce MPUKPEIST KbM
neyaTHarta IuiaTKa, HO TE3H KOMIIOHCHTHU HM3HCKBAT cneun(imqu HA4YMH 3a 3amnosiBaHe. B
CIly4auTe KOraTo ce paboTu ¢ MUKpokoMioHeHTH (SMD components) 3aTpyiHeHHETO HBA
OT TBBPAC MAJIKUA pasMEpP Ha KOMIIOHCHTUTE, KOCTO IMMOCTaBs ONPECACICHN U3NCKBAHUSA KbM
TEXHOJIOTMYHUSI ITPOLIeC Ha MPUKpEIsIHE Npenu 3arnosiBane. J[pyra ocoOeHoCT € mossipurera
Ha KOMITOHEHTHUTE, TO3H MOJISIPUTET OIpeeslsl TOCOKaTa Ha MOHTHPaHEe Ha KOMIIOHEHTa, I10-
3UIMATA HA IIBPBO Kpaue MPH MHTETPATHUTE CXEMH KOETO Ch3/1aBa IPEIIOCTaBKU 3aBHIIIE-
HO BHUMaHHE ITPU MOHTAX.

b) mnpouec Ha aBTOMATHYHO aceMOIMpaHe HA MEeYATHUS Bb3eJl

To3u moaxox Moxke Aa ObJe M3MOA3BaH U MPH J[BaTa TUIA €IEKTPOHHU KOMIOHEHTH —
¢ mpoxoneH otBop (TH) mmu muxpoenementu (Surface-mounted devices SMD). Hezasucu-
MO OT KOMIOHEHTHTE NPH aBTOMATH3HPAHUS IPOLEC Ha MOHTaX CE€ IPOrpaMmpa CIELH-
(GUYHUSL MOHTaX Ha KOMIIOHEHTHTE (II0COKAa Ha MOHTHPAHE ¥ IOJSPH3alHs Ha KOMIIOHEH-
Ta). [IpeauMcTBO Ha MONOOHM TEXHOJOTUH € BHCOKAaTa CKOPOCT Ha MOHTHpaHE, KOSTO
Moke na gocturae 10 100 000 enekTpoHHU eleMeHTa 3a eauH Jac. MapopManusaTa 3a To3u
NPOLIEC Ce ChIbpKa B 3XOAHHUTE reHepupan ¢aiinose or CAD mporpamara.

¢) Ilpouec Ha aBTOMATHYHO aceMO/IMpPaHe HA KOMIIOHEHTH € IPOXOJIHU OTBOPHU

EnexTpoHHHTE €JIeMEHTH C TIPOXO/IHU OTBOPHU CE ONAKOBAaT HA JICHTH KOETO MO3BOJISBA
aBTOMAaTU3UPAHNsI MOHTaX, TE3M KOMIIOHEHTH Hai-4eCTO Ce MOHTHpAT OT €JHaTa CTpaHa
(component syte) Ha rmeJaTHaTa IUIaTKa W Ce 3amosBaT OT BTopara crpana (solder syde).
CThIKNTE Ha aBTOMATH3alMs 33 MOHTa)X Ha IPOXOJHU OTBOPH Ca: MOHTHPaHE Ha KOMIIO-
HEHTHUTE Ha TIeYaTHaTa IUTaTKa 1 3arosiBaHe Ha KOMIIOHEHTHTE.

d) IIpomec Ha aBTOMAaTHYHO aceMOJIMpaHe HA MUKPOEJeMeHTH

Mukpo enexTpoHHH KoMrnoHeHTH (Surface-mounted devices SMD) Haif-uecTo ca oma-
KOBaHU B JICHTU M MOTaT J1a ObaT MOHTHPAHU OT JBETE CTPAaHH Ha MedyaTHara raTka. Ko-
raTo KOMIIOHEHTUTE CE MOHTHPAT CaMo OT €JHaTa CTpaHa ce M3paboTBa €AMHUYEH CTCHCHII
¢ KOMTO ce HaHacs macra 3a 3amnosBaHe. [Ipu qByctpanHO pasnonarane Ha SMD xommoHeH-
TH C€ U3II0JI3BAT JIBa CTEHCHIIA 32 BCAKa OT cTpanute. CTeHcmnTe ce u3paboTBaT OT THHKO
METaIHO (OJIMO KOETO € U3PSA3aHO B MECTATa Ha 3arosiBaHe Ha KOMIOHEeHTHTe. Te3u cTeH-
cuiu ce renepupar or CAD nporpamara 3a NpoeKTUpaHe Ha MeyaTHUs Bb3e U CITYXKaT 3a
HaHacsHE Ha IacTa BbpXY MOMJIOKKHTE 3a 3anosiBane. Cie/ HaHACSIHE Ha CIOsBalla 11acTa
ce TPUKPENIT KOMIIOHEHTUTE BbPXY MoJyna. B peauna cirydail 3a MpUKpersiHe Ha MUKPO-
KOMITOHEHTHUTE OT JIBETE CTPaHU Ha MeYaTHaTa IJIaTKa Ce M3II0JI3BaT JISTIMIIHY IJIOMAAKH C
koeto SMD eneMeHTHTE MOTaT J1a ce MIPUKPEIIAT Ha IUIaTKaTa.

4. TIpouec Ha 3amosiBaHe

IIpormeca Ha 3amosiBaHe Ha KOMIIOHCHTUTE BHPXY IeUaTHATa IUIATKa OCUTYpsSBa MeXa-
HUYHA BpB3Ka U J00pa eNeKTpUIecKa MPOBOIUMOCT MEXKAY IEUATHUS MOJYJI M U3BOJIUTE
Ha CJICKTPOHHHUTE KOMIOHEHTH. KpallHHAT pe3ynTar Ha Impoleca OCHUTYpsSBa MEKIHHCH
OITHKAEM CJIOM OT THHOJ KOHTO Ch3/1aBa eNeKTpHUYEeCcKaTa Bpbh3Ka KbM IUIaTKaTa. B HsKOM
Cilyyaii 3a Tpeja3BaHe Ha KOHTAKTHUTE 30HH OT OKHCJICHHE CE U3IMOJI3Ba JIOMBJIHUTEIHO
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MOKPUTHE OT XUMHYHO 371aT0. Taka HaHeceHHs MeTaneH (UM Ipeara3Ba MeaHaTa ILIo-
majaka ot okucisiBane. ChIIeCTBYBAT Ba OCHOBHH I10JIX0/1a 32 3all0siBaHe Ha KOMIIOHEHTH-
TE: €JHOBPEMEHHO 3aI0sBaHE Ha BCUUKH KOMIIOHEHTH ChC IPOXOJIEH OTBOP, KOETO M3ITON3-
Ba CIIOWKa BBJIHA. 3alosiBaHE Ype3 3arpsiBaHe Ha IUIaTKara B crenuanusupana neml. Ilpe-
(opmarupane ¢ razosa ¢aza ¥ HOBTOPEH TECT HA MPOBOAMMOCT (Topen] ras, yasep). Apyr
BapUaHT € PHYHOTO 3aI0SABAHE MPU KOETO BCHYKO KOMIIOHEHTH CE€ 3al0sBaT ¢ BHUMaHHETO
Ha oreparopa.

a) IIpouec Ha pbpYHO 3am0sIBaHe

To3u mporiec HaMupa MacoBO MPWJIOKEHUE U TOISIMO Pa3sHOOOpasue OT NMPHUII0KEHHS,
KaKTO 3a ISFIOCTHO CI00sBaHe Ha €JIEKTPOHHUTE MOAYJIH, TaKa W MPH HACHILAHE CIeIH-
(GUYHM eNeKTPOHHM KOMMOHEHTH. ChIIECTBYBAaT HSKOJIKO OCHOBHHM BHJAa PBYHU HUHCTPY-
MEHTH 3a 3alosBaHe — MOSUTHUIM (MHAYKIIMOHHU M HArPEBAaTENIHH), CIIOSIBAIIN CTAHIIUHU C
ropel Bb3JyX U CIOSIBAllM CTaHIMHU ¢ MH(]payepBeHO 3amnosiBaHe. [loHsKora chinecTByBa
M3BECTEH PHCK 32 INPELUU3HHUTE EJIEKTPOHHM KOMIIOHEHTH IPHU KOWTO IpEBHIIABAHE Ha
BXO/IHOTO HAIIpeKEHHE MOJKE J1a TpEeIU3BUKA MOBpe/la B KOMIOHEHTa. ToBa HampexeHHue
Hal-4ecTo ce MoydaBa OT eJIeKTpPOCTaTH4eH 3apsia Ha omepartopa. ITo Ta3u nmpuynHa orme-
paropuTe KOWTO HACHIIAT €JIEKTPOHHM KOMITOHEHTH H3II0JI3BAT CHEIMAIHA TPUBHU 32 OT-
BEX/IaHE Ha eIEKTPOCTATHIHUS 3apsa] KbM TOUYKa C HyJeB moTeHnwai (Maca). Jpyra ocobe-
HOCT NIPH TO3W HOAXOJ € B3MOXKHOCT 33 YOBEIIKA T'PEIIKa IIPY HACHILAHE, 110 Ta3U IPHIH-
Ha EJIEKTPOHHHUTE MOIYJIHM M MPOTOTHUIM HACHIIAHU C PBHYHO 3arosBaHE Ce MoAJaraT Ha
MEKAMHHU TECTOBE KOMTO 1a JoKakaT paboTOCIIOCOOHOCT Ha ENEKTPOHHHUS MOYJI.

b) 3anosiBaHe Ha KOMIIOHEHTH B CIIEUATU3UPAHA CHOSIBALLA TeLl

ChbIiecTBYBaT HAKOJIKO PA3IMYHN TEXHUKH 32 CIIOSIBAHE HA KOMIIOHEHTA, HO KOMEHTapa
TYK Ce OrpaHuuaBa JIo 3arpsBaHe Ha IUIaTKara B ClelualiM3ipana crossaiia nen. Meroaa
Haii-4ecTo ce M3M0J3Ba Npu MUKpokoMmroHeHTH (SMD), HO ToBa He M3KII0YBa KOMITIOHEH-
TUTE C METAJHU U3BOJM MOTAT CHIIO J1a ObJAT 3aMOCHH 110 TO3HM HAYHMH (HAPEUYCHO ,,pin-in-
paste® min ,,intrusive reflow soldering®). IIpu To31 HaYMH Ha 3aM0sIBaHE CE€ Clie/IBA OIpe/ie-
JIeH TEXHOJIOTHUYEH MpPOIEC Ha MPOU3BOJICTBO KOHTO BKJIIOYBA M3pa0OTBaHE HA CTEHCHI —
CTEHCHJIA MPEJCTaBIIABA IA0I0H OT THHKO (hOJIMO HA KOETO Ca HAHECEHH OTIICUATHIUTE Ha
IUTOIIaIKUTE 3a 3arosiBaHe. 3a M3pab0TBAHETO Ha TO3M IIAOIOH Ce M3IOI3BAT KOHTPOJIHU
TOYKH, KOETO TO MPAaBU PA3IMYEH 3a BCSIKA MEYaTHA IUIaTKa. [ OTOBHUAT mAOIOH CIIyXH 3a
HaHaCsIHE Ha CIIOSBAINA IacTa BBPXY NMPEABAPUTENHO IMOATOTBEHATA MedyaTHa IUIONIAJKa.
CrnenBa mpeMaxBaHe Ha IIaOJIOHA W MOAPESKAAHE HA EIEKTPOHHUTE KOMIIOHEHTH, KaTo
CHOTBETHHUTE M3BOJM Ha KOMIIOHEHTUTE KOHTAKTyBaT TOYHO C MecTara Ha macrarta. decrto
TO3M MOHTaX C€ M3BBPIIBA OT pOOOTU3MpaHA JIMHHS, HO 32 IEJUTE Ha MPOTOTUIIMPAHE €
BB3MOXKHO €JIEMEHTHTE Ja OBbJAT MOCTaBeHW OT orepartop. Taka mojarorBeHara revaTHa
TUIaTKa C HAHECEHH €JIEKTPOHHU KOMIOHEHTH CE MOCTaBs B CHENUATU3NPaHa eleKTPOHHA
Teny 3a 3anosiBaHe. B Ta3u cpesia remneparypara U CKOpOCTTa Ha 3arpsiBaHe ca TOYHO OIpe-
JIEJICHN W 3aBUCST OT XMMHUYHHTE CBOWMCTBA Ha M3IOJI3BaHATA CIIOsBaIla nacra. B mpomeca
Ha 3arpsiBaHe ce oOpa3yBa IIOBbPXHOCTHO HAIPEKEHHE MEXy M3BOJa Ha eJIEMEHTa U pa3-
noeHara rnacta. ToBa Hanpe)xeHHe crioMara 3a HeHTpUpaHe Ha U3BOJUTE Ha KOMIIOHEHTHUTE
CHPSIMO CHOSBAIIUTE TUIOMIAJKK. B IpakTHdeckuTe cirydail € Bb3MOXKHO HETIpaBHIICH MOH-
TaX (OOMKHOBEHO IPH PBHUYHO TMOJPEXKIAHE) NPU KOETO Ce IOJy4aBa CIOSBAaHE CaMo Ha
€/IMH WM HSKOJKO M3BOJa Ha €JIEKTPOHHUS exeMeHT. OT Apyra cTpaHa ChIECTBYBAT €JIEK-
TPOHHM KOMIIOHEHTH KOWTO MMAaT HEOOXOJMMOCT OT JONBIHMUTEIHO OXJIAXIaHE, B TE3H
CiTyyal Ha IUTaTKaTa € MpeJBHACHA OXJIAKIAIa tromaaka. CriosBaHeTo Ha KOMIIOHCHTHUTE
KBbM T0100Ha MIIOMIAIKa MOXKE Ja TIPEeIU3BHUKA JIOMBIHUTENICH MEXaHHUeH rpaaueHt. Cien
MIPUKITIOYBAHE HA MPOIIEca Ha CIOSBAHE TUIATKATa CE OXJIAXKA.
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Quzypa. 5. Cnumka na npumepen cmencun [2]

¢) 3amnosiBaHe ChC CNOIKA THI BbJIHA

IIpu TO3M HaUMH Ha CIIOSIBAaHE HA KOMIIOHEHTHTE II€YaTHATA IJIaTKa C MOHTHPAHNUTE Ha
Hes eJIEKTPOHHM KOMIIOHEHTH C€ MOCTaBs B IIPEIBAPUTEIIHO 3arpsTa BaHa ¢ TuHoi. Ciensa
AaBTOMAaTH3UpaH IMpoleC Ha IpeMecTBaHEe Ha IUIaTKaTa Mpe3 pa3TONEeHMs THHOJI, KaTO KOH-
TaKTHaTa BPb3Ka MEXIy IUIaTKaTa W THHOJA HAanoAo0sBa BBJIHA OT KHAETO NMPOM3IIU3a U
HMETO Ha Tpolieca ,,croifka BeyHa . [Ipe3 Bpeme Ha qBIKeHHUe miaTkara. To3u mpoiec Mo-
ke J1a ObJie MPUIIOKEH M MY JIBaTa THUIA ENEKTPOHHM €JIEMEHTH C METAIHH M3BOJAW HIIH
MUKPOKOMIOHEHTH. KOMIOHEHTUTe ¢ METaaHU M3BOJM Ca Taka IIOCTAaBEHH, Y€ BbpXa Ha
,,BBIIHATa” MOKPUBA METAJHUS H3BOJ OT CTpaHa CHONKU. [IpM MHKpOKOMIIOHEHTHTE Cb-
IIECTBYBa OMACHOCT OT pasJIelsIHe Ha YacT OT €IEMEHTUTE MPH TO3W HAYHWH Ha CIOSBAaHE,
ZIpyTra 0COOCHOCT CHINECTBYBa MPH Mo-rojeMute SMD KOMIOHEHTH — T€ U3HUCKBAT II0-TO-
JISIMO 3arpsiBaHe Ha eIEMEHTa KOETO MOXKEe JIa Tperpee caMusi KOMIOHEHTH J1a TIPeIn3BHKa
HamykBaHe. [1o Ta3u nmprYuHa KOTaTo ce W3IMOJI3Ba Ta3u TEXHOJIOTHS MIPOCKTAHTa CIIeABa Ja
YTOYHM TOYHHS HAYWH 32 paslojlaraHe Ha IleyaTHATa IUIaTKa Ipe3 BpeMe Ha crosBaHe. Paz-
ITIOJIO)KCHUETO Ha KOMIIOHCHTHUTEC HaA II€4HaTHATa IJIaTKa Tpﬂ6Ba aa 6’[;}16 TaKa OPUCHTUPAHO,
4e roJieMUTe KOMIIOHEHTH Jia He oOpa3yBarT ,,cIHKa Ha MaJkuTe. ToBa MOXe Ja MOTpeyn
IIPU CHIOSBAaHETO Ha MUKPOEIIEMEHTHUTE.

3akmouenue: [Ipu cr3gaBaHe Ha MEYATEH MPOTOTHI TEXHOJOTHYHHUTE OCOOCHOCTU
BKITIOYBAT J[BA €Tala Ha W3MBIHCHUE. [IBpBUAT OT TAX NMpENBMKAA MPOCKTHpPAHE HA Tpa-
(hMYHATE CHMBOIIM Ha €JIEMEHTHTE B MIPOLIEC HA MMPOSKTHPAHE Ha IIEYaTHHS MOJYII M H3UCKBA!

* Cs3aaBane Ha rpadU4eH OTIEYATHK HA H30paHUs KOMITIOHCHT;

¢ Jlu3aiiH Ha reyaTHa IUIOIIAKa Ha KOMIIOHEHTA.

Bropusrt eran e cBbp3aH ¢ (pU3NIECKOTO HACHIIAHE HA MTEYaTHHUS MOIYII:

*  MoHTHpaHe Ha eeMEHTUTE ChOJI0IaBaiiKK TSIXHATA OPUCHTALIHS;

¢ Ilpouec Ha 3amosiBaHe.

Pa3bupa ce MPOEKTaHTCKUTE HM3MCKBAHHUS M TEXHOJOTHYHATA IOCJICIOBATEIHOCT Ca
MPENOPHYNATEIHH.
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