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IIpakTHYeckast 4acTh
1. JIns BBHINOJMHEHUS CUMYJIALIMA MEXaHHYECKHX MPOIECCOB, B YACTHOCTH JI MOJTYYCHUS
KapTHUHBI 1ehopMaIiy ¥ BISABICHHS y3JI0B HANPSHKEHUS B COOPKE B 3aBUCUMOCTH OT TEIUIOBOM
Harpy3KH Ha OTJEJbHBIC AJIEMEHTHI, HEOOX0IMMO MPEIBapUTENLHO co3/1aTh 3D-Monens coopku
UCCIIEyeMOro u3jenus (MedaTHOM TIUIaThl C YCTAHOBJICHHBIMM Ha HeE AIIEKTPOHHBIMU
KOMIIOHEHTaMHu). Mojenb, MpeICTaBlIeHHAas HUXXE IIOCTPOGHAa C TIOMOMIbIO MPOTrpamMMBbl

SpaceClaim u3 cocraBa nmakera Ansys 2024.
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Pucynok 1 — O0uiwmii Bua cOopku mpeamera ucciaenopanus B SpaceClaim

2. 3areM BBIMOJIHSIEM CHMYJIAIIHIO TEIIOBBIX MPOIECCOB ¢ ToMoIibio mporpamm Workbench
nu Icepack, 3amaBasl HeoOXOAUMBbIE 3HAYEHHS MOIIHOCTH TEMIOBBLIACICHHUS B KOMIIOHEHTaX
TIeYaTHOM TIJIaThI.

— wMukpocxema — 0,3 Br;
— kongzeHcarop — 0,3 Br;

— pesucrop — 0,3 Br.



B pesynbTate mosydaem MOJIHYIO KapTHUHY paclpeaeiieHUs TeMIepaTyp Ha MOBEPXHOCTH

cbopkn. MakcuMmanbHas TeMiepaTtypa B coopke cocrasisier 71,94 °C.
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PucyHok 2 — Pe3ynbTatsl pacuéra ¢ MapkepaMH 3Ha4CHUH TeMIIepaTyp Ha AeTalsix

3. Tlocne TOro, Kak MOMACIMPOBAHHE TEIUIOBBIX IPOIECCOB 3aBEPIICHO HEOOXOIMMO B
Mmenemkepe npoekta Workbench moakmounTs MOy b pacuéTa MeXaHHYECKHUX TpolieccoB «Static
Structural» u cBsi3aTh ¢ HUM T'€OMETPHIO COOPKH M PE3yJIbTAaThl MPEIBIIYIICTO UCCICAOBAHUS C

BXOJITHBIMH TTapaMeTpamu Setup.
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4. CrefyroluM IIaroM Hy)KHO BBIIOJHUTH aKTyaJIU3allMi0 MAaTepUAIOB COOPKH BO BHOBb
NOJKJIIOYCHHOM MOAyJe, Tak kak Static Structural He wumMeer BCTpoeHHOW OMOIHMOTEKU
marepuaiio. [Ipexae Bcero, 3 OMOIMOTEKH J00aBIIsIEM B MPOSKT HEOOXOIUMBIC MaTepUalbl —
FR-4 u kepamuky. OTKpbiBaeM 0uOInoTeKy — KHomka Engineering Data. B mosiBuBmiemMcst okHe
nepexoquM Ha BKiIaaky Engineering Data Sources. 3atem oTkpbiBaeM 0a3y nmanubix General
Materials u B okHe HIKe BBIOMpacM HE0OXOAUMBIH MaTepual. [{jis Toro, 4To0Obl IEPEHECTH €To B
HPOCKT — HAXKUMaeM Ha = . CripaBa OT KHOIIKH MTOSIBUTCSI CHMBOJI ## , ITOITBEPIK/IAIOLIHIA 3aITUCh

JAHHOTO MaTepualia B IPOCKT.
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Janee HE0OXOMMMO MOJKIIOYUTH BHIOpAaHHBIE MaTepUaibl K JeTansiM cOopku. st 3Toro
nepexoauM 1o kuonke Model B Giioke Static Structural B mporpammy Ansys Mechanical.

B nepeBe mpoekrta MosBUINCH paHee J00aBICHHbBIE U3 OMOIMOTEKH MaTePHAIIbI, C KOTOPBIMH
Tenepb MOXKHO paborath. [[si TOro, 4To0OBI MPUCBOUTH KAKOW-TMOO MOJCIH TOT WIH WHOU
MaTepuai — B pazjeie ['eomerpus B aepeBe BhIOMpacM JeTallb U B CBOMCTBAX MaTepraia MOACIH

HIDKE BBIOMpPAaeM HEOOXOAUMBIH 13 BBINAIAIONIETO CITUCKA.
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BrimonHseM 310 1714 Bcex AeTanei C60pKI/II rncyaTHasd 1jaara - FR-4, KOMITOHCHTBI — KECpaMHKa.



5. BeimonHsem nmocrpoenune ceTku. BeioupaeM B nepese pasaen Mash u, B cBoiicTBax HUXe,
yKa3blBaeM B 1oiie «PazMep areMeHTa» MakCUMaJIbHBIA pa3Mep SYeWKH, KOTOPhI ObUT 3a7aH B
npeablIyneM pacuére TerioBbix npouecco (0,7 MM). 3amyckaeM reHepaimio Ha Briajake Mesh

BEpXHEH NaHelld HHCTPYMEHTOB.
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6. Jlamee HEOOXOMMMO 3a7aTh HEKOTOPHIC TPAHUYHBIC YCIOBHUS: 3aKPEIMM HIDKHIOK TpaHb
cOopku Tak, OynTO MeyaTHas IUIaTa JISKUT HA MOBEPXHOCTH M J00OABUM BEKTOP T'PAaBUTAIIHH,

JeHCTBYIOMNI Ha COOPKY 1O OCH Z.
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Taxxe He0OX0IMMO UMIIOPTUPOBATH B MPOEKT paHee MOACOECAMHEHHBIN pe3yabTaT

pacqéTa TCIIJIOBBIX IMPOLIECCOB.
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7. YcraHaBnuBaeM THIN 3ajad pacu€ra: B JAaHHOM Ccllyyae HAac MHTEpecyeT KapTHHa

negopmanuu 1 HanpspKeHue o Musecy.

Context Context

Solution

Selution

[] = Mcomputer - g 2 BB Suemeaseetion [ commands @images & [[] = twcomouter - % ~7 BB Suameaseedion [ commangs (8images~ @ &
v Distributed il B ¢ coorinste system Tlcomment  ESection Plane v Distributed il B ¢ coorginate system Tlcomment  Dsection Flane
Duplicat Solve R A Results | Duplicat: Solve R A Result:
L Qo s ohve Resource | ANalysis g pemote Point Ll Chart Eannetation oo | U Qs olve Resource | AnlySis g pemote Point L Chart Edannotation o
Outline Solve o Insert Outline Solve [ Insert
Outline > 4Ox Outline
D: Static Structural D: Static Structural
¢ Name | Search Outline | v Solution i Name | Search Outline [ Solution
/B Geometry Imports A Tmed,s £, % Geometry A Timed,s
/T Geometry i by @ PCB (a)\Solid_peb
@ PCB (z)\Solid_pch i iy® Chp\solid_chip
-5 @ Chip\Solid_chip { iey® Capaditor\Solid_capaditor
@ Capacitor\Solid_capacitor e ® Resistor\Solid_resistor
H @ Resistor\Solid_resistor - T Materials
-,/ Materials i i,/% Stuctural Steel
H & structural Steel H & R4 I
& FR-4 : /Ry Ceramics
& Ceramics i Coordinate Systems
3K Coordinate Systems =) Connections
&) Connections i/ Mesh
/@D Mesh =[] Static Structural (D5)
=[] Static Structural (D5) fee J] Analysis Settings
»HI Analysis Settings {4 Standard Earth Gravity
w5 Standard Earth Gravity to B, Fixed Support
@, Fixed Support -5 Imported Load (B3)
-5 mported Load (B3) i [&-,P} Imported Body Temperature
-, P Imparted Body Temperature 1 iparted Load Transfer Summar
rted Load Transfer Summar B4
[SB¥4: af Solution - 2 2 3 Deformation »
#11J Sos sl ) & T2 _Total 4 |0400 F® TotalDe g e Strain N 0,00
< Solve Strain » Direct| <
# "R Diredlro) $  Evaluate All Results | S I 3 » % [ Equnatent pon-ises) 4
Details of "Solution (D6)' “* £ Evaiuate Al Resutts Stress » \nsert a Tat| Dt of “Solution (Dg]* <= z N N
—_— | —_ 1 nergy M P
=] Adaptive Mesh Refinement O ame ted Dt Energy N This result f = Adaptive Mesh Refinement & Clear Generated Data @ Maximum Pr Equivalent (vor
ear Generated Data Linearized Stress 3 Middie Pr
Max Refinement Loaps |1 Linearized Stress > Ul of displaceq |MaxRefinement Loops 1, T, Rename F2 | Middie Prin Insert
Refinement Depth 2 Rename F2 Depth 2, = Stress Tool » | Minimum Pri objec
- Stress Tool N - Group All Similar Children
Finformation 5 Group Al Similar Children (@ PressF1 for help =/ Information Fatigue y | Maximum SH clem
et " Fatigue > et =" E5 Open Solver Files Directory _
Details | Section Planes & Open Solver Files Directory 9 raph Details | Section Planes Contact Tool , ® intensity P
Insert a Total e P Contact Tool » Insert an Equivalent (von-Mises) Stress object to determine the overall — ) Normal

Pycunok 12 - [TocranoBka 3a1a4 pacuéra

8. 3amyckaem pacyér ¢ moMoIIbl0 KHONKH SOIVe Ha BepxHeil maHen HHCTPYMEHTOB WITH U3

JepeBa rnmpoekra B pasaeine Solution.

Context
Solution
D % My Computer - J,‘)l ﬂﬂ @Named Selection E‘CCummands @Images'
v Distributed IIII Ew i Coordinate System GJComment I:.Secliun Plane
Duplicate Q Cores 8 - p";gf,'-,’g{f,f, Anavlysis @, Remote Point [l chart [ Annotation
Cutline Solve P} Insert
Qutline * 1 Ox
Mame | Search Outline |» _
{_l Project*
=] Model (D4)

Geometry Imports

- @ Geometry

@ PCB (a)\solid_pch

& Chip\Solid_chip

@ Capacitor\Solid_capacitor
@ Resistor\Solid_resistor
T Materials

@y Structural Steel

B2k Coordinate Systems

[ =] Connections

....... v T3 Mesh

Static Structural (D5)
‘/IZEH Analysis Settings

& Standard Earth Gravity

B Imported Load (83)
E}-,»P§ Imported Body

Temperature
pad Transfer Summary

]
3 Total Deformation

/@8 Equivalent Stress
ﬁ Evaluate All Results Solve
4P Clear Generated Data Start the solution process

using the current solve
o Rename F2 process settings.
D Group All Similar Children
P F1 for hel]

5 Open Solver Files Directory @ ress or p-

| 4

Pucynok 13 — 3anyck cumynsanun



9. Paccmotpum pe3yibTatsl pacuéra. [Ipu mepexose B pasmen « Total deformation» B nepese

IPOEKTA - OTKPBIBAETCSA KapTHHA MOJIHOM Nedopmannu cOOpKH.

= Contedt D Static Structural - Mechanical [Ansys Mechanical Enterprise] - (=4
Home  Result  Display  Selection  Automation  Add-ons Learning and Support 20
D % %} & [§ Commands (@images~ 1.0 (True Scale) - . D r J Probe v Snap = B
CJcomment [Hsection Plane Al Bodies - [ Maximum
D‘”’l“mq SEE A Eannotation  + Large Vertex Contours ~= oMo COMOUrs BAOES ki D | somped | Views
Outline Solvers Display
Outline
D: Static Structural
Name - - Total Deformation
1 Project Type: Total Defarmation
- {5 Model (D4) ?’"“ o
(&) Geometry Imports Ime: 13
vl e Max: 0,00672
BB Geometry s
ey @ PCB (a)\Solid_pch n
«® Chip\Solid_chip 000673
— Capaawr\S‘a:d_capaawr 000508
@Iiﬁe D.lzlas\shnrﬁm _resistor 000523
aterials
Y- auess
& Connections s
1 Mesh 0,00299
/[ static structural (D5) TR
w11 Analysis Settings 000143
% Standard Earth Gravity 0.000747
<8 Fixed Support 0
-5 Imported Load (B3)
B~ &) Solution (D6)
{53 solution Information
8 Total Deformation
8 Equivalent Stress
Details of “Total Deformation” ~QOox
Geometry All Bodies ~ z
=| Definition
Type Total Deformation Y
By Time
Display Time Last
Separate Data by Entity | No 0,000 10,000 20,000 (rrire) %
[ I S
Calculate Time History |V
aleulate Time History | Yes s i
Identifier
Suppressed No
= Results Graph v 0 O X TabularData ~1Ox
Minimum o, mm Animation | @0 @0 20Fame  +|2secaun ~ | B Q [Time [g] |[w Minimum [mm] |[v Maximum [mm] |[v Average mm] |
1l 0. 6.7268e-003 8.2855¢-004
Maximum 6,7268¢-003 mm B
Average 5,28552-004 mm S
Minimum Occurs On | PCB (aj\Selid_pcb =
Maximum Occurs On | Resistor\Selid_resistor sl
| Information
v
Details | Section Planes Graphics Annotations Messages G
Ready ,0iNo Messages  No Selection Metric (mm, kg, N, s, mV, m&) Degrees rad/s Celsius

Pucynok 14 — Kaptuna gedopmarim cOopku
TaK)Ke, OJid HarjaigaHoCTH, €CTb BO3MOXHOCTH YBCIMYCHUA Mactradba OTO6pa)KeHI/I$[

pe3ynbpTaToB aedopmaruy.

El= Contest D Static Structural - Mechanical [Ansys Mechanical Enterprise] - A X
Home  Result  Display  Selection  Automation  Add-ons Learning and Support (a7 4
D v f} B & Commands (8]images~ 4,4¢-002 (Auto Seale) [ N D 9, @Prabe v Smap =+ B
K CJcomment [Hsection Plane 0.0 (Undeformed) [ Maximum
Duplicate Solve  Analysis 1.0 [True Scale) Geometry Contours Edges Vector Capped  Views
. Q - . L chart [ annotation 2e+002 {0.5x Auto) = = - 8 Minimum Display ™ Isosurface ™
Outline Solvers e 2 4e+002 {Auto Scale) Display
. 8,88-002 (2¢Auto)  Lg
Outline ~pOx ) 2,2e+003 (5% Auto)
D: Static Structural
Name - - Total Deformation
[ Project Type: Total Defarmation
B B Model (D4) #Nt?ﬂ;m
{5 Geometry Imports e 1 2
i Wiax: 0,00673
/T Geometry A
{7 L 4@ PCB (a)\Sold_pch (18
i-%® Chiptsoid_chip 000673
iy @ Capacitor'Solid_capacitor 0’00595
! @ Resistor\Solid_resistor 0053
[ Materials
n 0,00448
X Coordinate Systems s
) Connections :
= 000293
v tesh 000224
=4[] Static Structural (D5) -
HI Analysis Settings 000143
% Standard Earth Gravity 0,000747
@ Fixed Support o
Imported Load (B3)
B /@) Solution (D6)
(5} Solution Information
8 Total Deformation
-8 Equivalent Stress
Details of "Total Deformation” ~QOox
Geometry All Bodies ~ z
=| Definition
Type Total Deformation .
By Time
Display Time Last
Separate Data by Entity | No 0,000 10,000 20,000 {mm) X
I O .. )
Calculate Time History | e
alculate Time History | Yes S T
Identifier
Suppressed No
o Results Graph » 1 O X% | Tabular Data *aox
Wlinimum 0, mm Animation | @]l [0 20Frames  ~ 25ectaue)  ~| B @ [Time [5] | [ Minimum [mm) |[v Maximum [mm) | [« Average [mmj |
Maximum .72680.003 mm _ Jll[E [ 6.7268¢-003 5,2855¢-004
Average 8,2055¢.004 mm. E.
Minimum Occurs On | PCB fal\Salid_pcb =
Maximum Occurs On | ResistonSolid_resistor [s]
#| Information "
Details | Section Planes Graphics Annotations Messages G
Choose the deformation scale factor. .0iNo Messages  No Selection Metric (mm, kg, N, 5, mY, mA) Degrees radfs Celsius

Pucynox 15 — Pe3ynpTaT pacuéra nepeMemieHui (aBTOMaTHYECKOE MAaCcIITAOMPOBAHNE)



[Tpu mepexone B pazmen «Equivalent Stress» B mepeBe mpoekTa - OTKpbhIBACTCS KapTHHA

HaIPsKCHUN.

Context

a A}
Ox ¢ @

Duplicate @ Solve

Result  Display

Analysis
Gutline Solvers
Qutline
Name -
T project*
B (5 Model (D4)
/(5] Geometry Imparts
£/ Geometry
s @ PCB (2)\Salid_peh
«® ChipiSolid_chip
i @ Capacitor\solid_capacitor
@ Resistor\Solid_resistor
(8 Materials
Coordinate Systems
1] Connections
ED Mesh
B,/ Static Structural (DS)
-« HH Analysis Settings
/<% Standard Earth Gravity
@, Fixed Support
=) Imported Load (83)
=l Solution (D6)
t /() Solution Information
%8 Total Deformation
/8 Equivalent Stress

Details of “Equivalent Stress"
Time
Display Time Last
Separate Data by Entity | No
Calculate Time History | Yes
Identifier
Suppressed No
Integration Point Results
Display Option

Averaged
Average Across Bodies | No

=/ Results
Minimum 2,06642-002 MPa

83,573 MPa

1,998 MPa

Capacitorsolid_capacitor

Resistor\Solid_resistor

Maximum

Average
Minimum Qccurs On
Maximum Oceurs On

]

Information

s | Section Planes
Ready

D: Static Structural
Equivalent Stess

Type: Equevalent (von-Mises) Sress
Urat MPa

Time: 15

Min: 0,0207

Selection

Automation  Add-ons  Learning and Support (7 g

[E" Commands (@limages~
[JComment [ Section Plane
|l chart 5 annotation
Insert
~a0Ox

[Eprabe
[ Maximum
[ Minimum

1.0 (True Scale) -
All Bodies -

v Snap =

N — L

Geometry Contours Edges Capped

et p Views
Display~ lsosurface™ -

v Large Vertex Contours -
Display

D: Static Structural
Equivalent Stress

quivalent fvon-Mises) Stress
2

63,6
43
65
55,7
464
372
278
186
93
0,0207

- 20Ox

0,000 10,000 20,000 (mrm) ¥

5,000 15,000
Tabular Data

| Time [5] |[¥" Minimum (MPa) |[¥ Maximum [MPa] |[¥ Average (MPa] |
[T 2.06642-002 83573 1,998

Graph vaox ~10x

[E] 01 [E]E | 20frme

v 25ec(Auto) v B

Animation |

[MPa]

[s]

Graphics Annotations

0 /NoMessages  No Selection Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

Pucynok 16 — Kaprina HanpspkeHUd

0000 5,000

10,000 (mer)

2,500 7500

Pucynox 17 — Kapruna HanpspkeHUH (JOTIOIHUTENBHBIN BUT)



BriBog

B xone BbImoNHEHUs J1a0opaTOpHOU pPabOTHl OBUIM TONYyYEHBI HABBIKA MOCTPOCHHUS
CUMYJISIIIUM MEXAHUYECKUX IMPOIIECCOB, MPOTEKAIOIIMX B MOJIETU YCIOBHOM MMEYATHOM IUIATHI C
YCTaHOBJICHHBIMU Ha HeE JJIeMEHTaMH, B pexume e€ paboThl ¢ y4€TOM TeMIepaTypHBIX
usmenenuii B CAITP Ansys ¢ nomomsio mporpamm Workbench, Icepack u Mechanical.

B pesynbraTe ObUTH MONTYYEeHBI KapTUHBI JedopMaiuu (IepeMenieHril) U HapsKECHHUHA
OTJICNBHBIX y3JI0B COOpKHU. IIpM mMpOTEeKaHWUU TEIIOBBIX MPOILIECCOB B KOMIIOHEHTAX MEYaTHOU
IUIaThl C YBEJIMYEHHUEM TeMIlepaTypbl HaOmogaercs ux aedopmainus, a TakkKe BO3ZHUKHOBEHHE
HanpsHKEHUM B MECTax KperieHus: DPD k meyaTHOH 1jiate.

3nauenuss makcuManbHoro mnepememieHus (0,0067 mm) u Hampsbxenus (83,6 Mlla)
3a(MKCUPOBAHBI B HAHOOJIEE TEINIOHATPYKEHHOM KOMIIOHEHTE (PE3UCTOp), MPU MaKCUMaTbHOU

Temmeparype ero nosepxaoctu 71,94 °C.



