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OBJECTIVE/REQUIREMENT:

-USING THERMAL SIMULATION, IDENTIFY THE OPTIMAL LOCATION
Eg$'ITEHREYPCB AND ENCLOSURE DESIGN WITH RESPECT TO THE

-CRITICAL REQUIREMENT IS THAT THE BATTERY CANNOT BE
CH4A5%GED WHEN THE TEMPERATURE AROUND THE BATTERY IS
>=

OPERATING ENVIRONMENT:

-DEVICE IS IN AN AMBIENT OPERATING TEMPERATURE OF 40 C.
THAT MEANS THE TEMPERATURE AROUND THE BATTERY CAN
ONLY RISE FOR A MAX 5C.

-3 DC/DC CONVERTERS OPERATING DISSIPATING A COMBINED
TOTAL POWER OF APPROX.10WATTS.
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|

16.17

55

Ref Description Voltage | Current Power (MPPT+VBAT OUT) Comments
D1 |Reverse blocking diode 0.325 3.33 80W input PMEG3050EP,115
Q1 |High side MOSFET 0.60|From Tl calculator RQ3G100GN
02 |Low side MOSFET 0.40|From Tl calculator RO3IG100GN
L1 Charger DCDC Inductor From Tl calculator PCSH127MTGR8
R3 |Current sense resistor 0.0495 5.5 9mOhm, 70W output ERJ-MS4HF9MOU
U1l |Buck Converter IC 7% losses (20W out) minus inductor power AQZ6605PI
L3 Inductor 4 0.29|18m0Ohm BWWSDDS080404R7MOD
U5 |Limit switch 0.2 2 0.40|/100mOhm AP22653FDZ-7
Ue |Limit switch 0.2 2 0.40|100mOhm AP22653FDZ-7
R113 |Current sense resistor 0.04 4 0.16/10mOHm ERJ-M1WSF10MU
U3 |eFuse 0.119 3.5 0.42|34mOhm TP5259571D5G
D7 |Diode OR-ing 0.45 0.05 BATS4C-E3-08
ua |vDbDLDO 95| 0.5 AP7383-33W5-7
U8 |STE LDO 0.8 1.5 BDOODOAWHEP
Q7 |Switch - 5TB 0.084 1.5 56mOhm DMP3098L-7
Q8 |Switch-TV 0.112 2 56mOhm DMP3098L-7
Q22 |Switch - Lamps 0.084 1.5 56mOhm DMP3038L-7
R55 |Current sense resistor 0.0495 5.5 0.27|9mOhm ERJ-MS4HFIMOU
R94 |Backlight limiting resistor 9 0.06 0.54|1500hm ERJ-PO8J151V

9.52

4 LAYER PCB

Property:
Conducting layers w |

Layer Thickness Percentage Cover
20 %
80 %
3.5e-005m 20 %

20 %

0.0016m
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[Ternperature (Salidy | 197 24 °C |

| Ternperature (Solid) | 184.48 °C |

| Ternperature (Solid)|166.43 ¢ |

Temnperature (Solid) | 160,36 °C |

Temperature (Solidy 155 46 °C

Ternperature (Solid) 141,36 ¢ |

Ternperature (Solid) | 149.92 'c//l

216.40
l 204.64
192.88

18112
r 169.36
r 157.60
r 145.84

Temperature (Solid)|169.97 °C |

. 134.08
12232

Run 2.1:PCB Assy Thermal Simulation
Boundary Conditions:

Tambient= 40C

Natural Convection= 0 m/s std. air

No Radiation

r 110.56
r 98.30
- ar.04
7528
6352

| Temperature (Solid) | 169.52 °C |

51.76
40.00

Temperature (Salid) [*C)]

— Temperature (Solid) [167.13 °C |

Surface Plot 1: contours

Isosuraces 1

[ ~{Temperature (Salith| 214.12 °C |

Temperature (Solid)

250.00

200.00

150,00

100,00

Termperature (Solid) [°C]

50,00

50 100 150
Iterations [ ]

200

== (3G Max Temperature {Solid) 1
= 4G Max Temperature {Solid) U11
WG Max Temperature (Salid) Gz
WG Max Temperature (Solid) Q1
—=— WG Max Temperature (Solid) U
== NG Max Temperature {Solid) U3
—— i3 Max Temperature (Solid) US
—— 4G Max Temperature {Solid) g
= %G Max Temperature {Salid) Q7
—— %G Max Temperature {Salid) Q8
WG Max Temperature (Salid) Q22
= %G Max Temperature {Solid) D1
—=— Y Max Temperature (Salid) D7
WG Max Temperature (Solid) RS
WG Max Temperature (Solid) R55
= 4G Max Temperature {Solid) R94
e WG Max Temperature (Solid) R113
e WG Max Temperature (Solid) PCE
—— i3 Max Temperature (Solid) Us
—— Y5 Max Temperature {Solid) L1
—— Y3 Max Temperature (Solid) L3
WG Max Temperature (Solid) Battery

Goal Name Unit SimValue | Actual
GG Max Temperature (Fluid) 1 [FC] 216.40
GG Max Temperature (Solid) 1 [*C] 216.40
VG Max Temperature (5olid) U11 [*c] 187.27
VG Max Temperature (Solid) Q2 [*c] 156.23
WG Max Temperature (Solid) Q1 [*C] 167.61
VG Max Temperature (Solid) Ud [*C] 216.40
VG Max Temperature (Solid) U3 [*C] 161.37
VG Max Temperature (Solid) US [*C] 170.37
VG Max Temperature (Solid) Us [FC] 170.88
VG Max Temperature (Solid) Q7 [FC] 111.00
VG Max Temperature (Solid) Q8 [*C] 136.50
VG Max Temperature (Solid) Q22 [*c] 13461
WG Max Temperature (5olid) D1 [*c] 201.40
WG Max Temperature (Solid) D7 [*C] 132.73
VG Max Temperature (Solid) R3 [*C] 138.95
VG Max Temperature (Solid) RSS [*C] 135.44
VG Max Temperature (Solid) R94 [*C] 167.13
VG Max Temperature (Solid) R113 [FC] 120.55
VG Max Temperature (Solid) PCB [*C] 184.24
VG Max Temperature (5olid) U8 [*c] 119.42
WG Max Temperature (Solid) L1 [*c] 14118
WG Max Temperature (Solid) L3 [*C] 136.39
VG Max Temperature (Solid) Battery  |[*C] 40.00
3
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[Ternperature (Solid)] 143.26 " |

Temperature {Saolid)

Temperature (Solid)] 137.60 °C |

[Ternperature (Soliy]177.64 "c |

|Temperature (Salidy|109.96 °C

Temperature {Solid) | 167.19°C

Termperature (Solid)] 185.43 °C |

Temperature {Salid) | TraATec

Ternperature (Solid)] 129.99 "C |

Termperature (Solid)] 142.37 °C |

Temperature (Solid) | 86.75 °C

Temperature (Solid)] 16258 °C |

Temperature {Solid) | 171.69°C

Temperature {Solid)

[Temperature (Solith] 150.07 "c |

Temperature (Solid)] 66.56 *C |

Ternperature (Solid)] 65.35 *C |

[Temperature (goliny [ 57.97 ¢

Temperature (Solid]59.74 *C |

[Temperature (Solig)| 53.76 ¢

Termperature (Solidh[57.09 C |

[Termperature (Soli] 5261 *C

[Temperature (Solicy 6144 *C

Temperature (Solid)] 50.55 *C |

17081

151.96
197.08 13332
177.41 11467
157.74 98.02
138.07 s
118.40 STz
98.73 $ Temp:rDaIDUTrE (Fluid) [°C]
79.08 k CutPlot3: strearnlines
5333 “Right
3972
20.05

Temperature {Salid) [*C]

CutPlot 1: contours
Cut Plot 2: contours

22800
208.82
188.05
167 67
147.09
126,61

Surface Plot 3: contours

040421 ConceptA.SLDASM [ENC 1:System Flow Sin

Goal Name Unit  |5im Value Actual Value
GG Max Temperature [Fluid) 1 [*C] 229.00
GG Max Temperature [Solid) 1 [*C] 22900
Vi Max Temperature (Solid) U11 [*C] 199.98
VG Max Temperature (Solid) Q2 [*C] 167.80
VG Max Temperature (Solid) Q1 [*C] 178.77
VG Max Termperature (Solid) U4 [*C] 229.00
VG Max Termperature (Solid) U3 [*C] 172.69
VG Max Temperature (Solid) US [*C] 18353
VG Max Temperature (Solid) Ué [*€] 186.26
VG Max Temperature (Solid) Q7 [*C] 121.46
VG Max Temperature (Solid) Q8 [*C] 145.88
WG Max Temperature [Solid) Q22 [*C] 14466
VG Max Termperature (Solid) D1 [*C] 215.12
WG Max Temperature (Solid) D7 [*C] 143.34
VG Max Temperature (Solid) R3 [*C] 149.49
VG Max Termperature (Solid) R5S [*C] 147.33
VG Max Termperature (Solid) R94 [*C] 179.78
VG Max Temperature (Solid) R113 [*C] 134.80
VG Max Temperature (Solid) PCB [*€] 19888
Vi Max Temperature (Solid) US [*C] 130.63
VG Max Temperature (Solid) L1 [*C] 152.27
VG Max Temperature [Solid) L3 [*C] 148.00
VG Max Temperature (Solid) Battery [*C] 67.79

Iterations [ ]: 266
Analysis interval: 114

Temperature (Solid) [°C]

250,00

200.00

150.00

100.00

50.00

Temperature (Solid)

10614

8566

6518

4470
Temperature (Solid) [*C]
Cut Plat 1: contours
Cut Plat 2: contours

Cut Plot 3: contours
Surface Plot 3: contours

— GG Max Temperature (Solid) 1

—— VG Max Temperature (Sold) U11
VG Max Temperature (Solid) Q2
VG Max Temperature (Solid) Q1

- VG Max Temperature (Sold) L4
~ VG Max Temperature (Sold) U3
—+ VG Max Temperature (Solid) US

- VG Max Temperature (Sold) s
— VG Max Temperature (Solid) Q7
—= VG Max Temperature (Solid) Q8

WG Max Temperature (Solid) Q22
— G Max Temperature (Sald) D1

—- 4G Max Temperature {Solid) D7

-t WG Max Temperature (Solid) B3

4G Max Temperature (Solid) RSS

—+ Y5 Max Temperature {Solid) R94
e WG Max Temperature (Solid) R113
— G Max Temperature (Sold) PCE
= Y5 Max Temperature (Solid) Us

== 13 Max Temperature (Solid) L1

— & Max Temperature (Solid) L3

VG Max Temperature (Solid) Battery

T
100

150
Iterations [ ]

200 250 300
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Temperature (Solid)] 164.61 °C [Temperature ot 176.72-c]  [Temperature sonig] 211.49 -c | Temperature (Solig) | 195.45 "C |

[Temperature (ol [ 4242 °C [ Temperature golig | 43.22 °c |

0331
|l {Temperature (gans[179.30 *c | Termperature (Solis) | 41.00*C 0.285
0258
0221
I Temperature (golia)[170.52 °C | (5 tia
184,44 :
12303 177.70 G
159.15 16243 -
Jana 14716 -
[Temperature (sali)| 165.87 *c |/ [Temperature @oligy [ 21835 ¢ K [Temperature (Soliay| 174,35 c 12121 131.88 -
\ I T 1662 g
8329 } 1011 35 elocity [mis]
[Temperature (@alid)] 43.00 °C | ;?gg 86.08 CutPlot 3: streamlines
4534 7081
Temperature (3ol 41.94 *C | Termperature (Solid)] +1.60 *C | 3352 56.54
Temperature (Solid) [*C] 4037
Temperature (Solid) [*C]
CutPlot 1 contours ot Plot . =
Cut Plot 2 I ut Plot 1: contours N - = -
SLun-facoe P\nctoian Egr:?nurs gu{g:og con{ours (N —4) \i
e L i} cantours
i i - Surface Plot 3: contours Temperature ol 177.70 "
- - Temperature (Solid) [41.96 °C
Temperalure (Solic) | 41.037C |’\:ﬁ: i | | Temperature (Salid) ‘ 41.66°C ’/Z“_ | ‘Temuerature (Solid) | 152,94 °C |
' [Temperature (goligy| 41 05 *c |
Termperature (Solid)| 165.25 °C |
=
7 ¥
;—»x [Temperature (Soliy 41,89 °c T \Temﬂerature @oligy[42.23°c | u—ﬁ v
“Ten = *Rigght
040421 ConceptA.SLDASM [ENC 2:Syst Temperatre (sol)
2000 —~ G Max Temperature (Solid) 1
—=— 4G Max Temperature (Solid) 11
W Max Temperature (Solid) Q2
. . Wiz Max T l{ (Solid) g1
Goal Name Unit [Sim Value |Actual Value e M T e (o) U3
o lid
GG Max Temperature (Fluid) 1 [°C] 220.73 T Vah e eore (2 e
° == Y03 Max Temperature (Solid) Us
GG Max Temperature (Solid) 1 [°C] 220.73 ~ VG Max Temperature (Sold) Q7
200.00 —— Y3 Max Temperature (Solid) Q8
VG Max Temperature (Solid) U11 [°C] 197.85 VMo Tomporatune o) 01
VG Max Temperature (Solid) Q [°C] 165.25 T Vo o Tempenaton (k) 3
o W Max Temperature (Solid) RES
VG MaX Te mperatu re {SOI | d) [ C] 177 70 —— Vi@ Max Temperature (Solid) R4
WG Max Temperature (Solid) R113
VG Max Temperature (Solid) U [°C] 220.73 LG g (o o
VG Max Temperature (Solid) U [°C] 166.96 o e ot T turo S L5
o = 4G Max T ture {Solid) Batt
VG Max Temperature (Solid) U [°C] 175.39 g s
o @
VG Max Temperature (Solid) U [°C] 180.29 0
=
VG Max Temperature (Solid) Q [°C] 118.75 §
S £
VG Max Temperature (Solid) Q; [°C] 144.52 & 10000
VG Max Temperature (Solid) Q22 [°C] 143.81
VG Max Temperature (Solid) D [°C] 215.30
VG Max Temperature (Solid) D [°C] 137.11
VG Max Temperature (Solid) R [°C] 145.10 w00 1
VG Max Temperature (Solid) R55 [°C] 147.75
VG Max Temperature (Solid) R94 [°C] 170.23
VG Max Temperature (Solid) R113 [°C] 132.38
VG Max Temperature (Solid) PCB [°C] 199.09 3
0 T T T T T T
VG Max Temperature (Solid) U [°C] 124.28 ’ 0 1o 150 erations [ ] 200 20 a0 0
VG Max Temperature (Solid) L1 [°C] 146.93
VG Max Temperature (Solid) L3 [°C] 143.51 e
VG Max Temperature (Solid) Battery |[°C] 44.87

Enclosure Design 2:
Thermal Simulation

DWG NO.

. . 040421_ConceptAand @ A3
Iterations [ ]: 319 ConceptD Sim Report
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Temperature (Solif)] 222.78 °C | [Temperature (Solid)| 206.31 =c |

Temperature (Solid)y | 47.48 °C Temperature (Bul\d)|49.DD 'C| Temperature (Solid)|47.60 “C|
Printed Circuit Boards 177.70
Lynx Proto PGB,151P e
148.25
=
A AR R 13233
171.90 Py BN R RNNRNNN 116,80
: - AR RRRRRSY 108 98
||| Temperature (soli) | 231.54 °C | 157.25 AN SITRIEAST a0 16
142.59 P LU RN RN 89.35
197 94 B N S N Ny, T LN NN 7453
| PV YEY A N A R .- HARN LN 6971
2341 113.28 B A I R N R R e .. 4 NN 59.90
Yy N — 50.08
22|40 88 3 Py j‘;,h:t\\:-\ﬁ,_,,,w_._“.ﬁk 4027
Ternperature (Salid) [50.72 °C | 208.59 8307 AR WL e e Tempersture (3oiic) [C]
|Temperature (Solid)|46 19°C [ 19878 69.32 - {J\L/ Pl e L cut Plot B contours
: }\ Termperature (Solidh[47.44 °C | - 162.90 cion " A / A 7 s
F1T0AT / Teear b it
- 14736 o ! PSRN iy
: ATemperature (Soligh|46.81 °C | | iass Temperature (Fluid) ['C] ., AR Y )
[Ternperature (goliy|44.07 *C }\ : R N iRt | Py
13174 Cut Plot B vectors ! S M s o o, e e e e Y
L 11803 Cut Plat 7: vectars o S RS
: Flowr Trajectories 1~ | ——=—r———— . Y .
| r 10612 Flow Trajectories 2~ | ——r—r—r e = — ———
f o | Flow Trajectaries 3
| Temperature (Solid) | 43.35 *C |\ | Temperature Gai)] 45.25 °C | 93,31 }
1 a0.4a0 Printed Circuit Boards
6T 649 = e G Id)|208 > "C| Lynx Proto PGB, 151F
% 5488 emperature (a0l B
4207
Temperature (Solid) [*C] v
Surface Plot 1: contours
Isosurfaces 1

| Temperature (Solid) | 45.71 °C | \1Temperature (Bulid) | 45.08 °C |

040421 ConceptA.SLDASM [ENC 2.1:System Flow Simulation Temperature (3okd)

Bttt st
e Yemperaine ook o1
Goal Name Unit |5im Value Actual Value S M Temperatue 50k Lt
GG Max Temperature (Fluid) 1 [*C] 234.21 L VG Tompertee o)
GG Max Temperature (Solid) 1 [*C] 234.21 I :tiéﬂ:ﬁi:ﬁ:i::i:::&éil@iigé
VG Max Temperature (Solid) U11 [*C] 208.52 = E Egg EEEEEEEEEEEE% [D?EZ
VG Max Temperature (Solid) Q2 ["C] 176.08 e Temperaare ook 55
VG Max Temperature (Solid) 01 [*c] 187.94 VG i Tomearte b RLLS
VG Max Temperature [Solid) U4 [*C] 234.21 _— EE EEZ EEEEEEEEEEES% EEB
VG Max Temperature (Solid) U3 [*C] 181.27 g eV
WG Max Temperature [Solid) US [*C] 187.89 3
WG Max Temperature [Solid) Ug [*C] 194.77 ;5
WG Max Temperature (Solid) Q7 [*C] 130.98 %
VG Max Temperature [Solid) Q8 [*C] 157.84 100
WViGE Max Temperature (Solid) 022 [*C] 156.23
VG Max Temperature (Solid) D1 [*C] 2268.16
WG Max Temperature (Solid) D7 [*C] 150.41 .
WG Max Temperature (Solid) R3 [*C] 157.56 so0f
VG Max Temperature [Solid) R55 [*C] 159.31
VG Max Temperature (Solid) R94 [*C] 182,92
WG Max Temperature (Solid) R113 [*C] 146.45
VG Max Temperature (Solid) PCB [*C] 213.03 o | 3
VG Max Temperature (Solid) US [*c] 137.35 ’ N B werations 1 " = -
VG Max Temperature (Solid) L1 [*C] 158.71
VG Max Temperature (Solid) L3 [°C] 155.50 TR -
VG Max Temperature (Solid) Battery [*C] 50.72 e . Enclosure Design 21:
e — Using 2-Layer PCB
c Thermal Simulation

Iterations [ ]: 294 g """ 040421_ConceptA and | A3
Analysis interval: 125 ConceptD Sim Report
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*Top

Termperature (Solid)| 180,85 °C|

|Temperature {Salid)|155.86 *C

[ Temperature (Solig) [ 14361 °C

Temperature (Solid [ 169.65 °C |

Ternperature (Salig] 145.88 *C |——|

Temperature (Solit) [ 195 37 °C V

[Tamparaturs (gonigy | +2.08 - |

[Temperature (Solid] 43.57 "C f’"

[Temperature gotia)| +4.55 °c ||

[remperaturs song [ 4366 =c - |

1

[Temperature (Solidh] 44.09 °c )/

040421 ConceptA.SLDASM [ENC 3:Syst

Temperature (ol 15191 °C]

| {Ternperatura (gang [148.70 *c |

Terperature (aid) [142.48 *C |

[~ Temperature (Solig)] 47.59 °c |

—{Temperature (Solio) | 44.93 "0 |

Goal Name Unit | Sim Value |Actual Value

GG Max Temperature (Fluid) 1 [°C] 197.36

GG Max Temperature (Solid) 1 [°C] 197.36

VG Max Temperature (Solid) U11 [°C] 172.29

VG Max Temperature (Solid) Q2 [°C] 144.09

VG Max Temperature (Solid) Q1 [°C] 156.55

VG Max Temperature (Solid) U4 [°C] 197.36

VG Max Temperature (Solid) U3 [°C] 146.71 g
VG Max Temperature (Solid) U5 [°C] 149.48 %
VG Max Temperature (Solid) U6 [°C] 152.91 E
VG Max Temperature (Solid) Q7 [°C] 106.74 g
VG Max Temperature (Solid) Q8 [°C] 128.69 &
VG Max Temperature (Solid) Q22 [°C] 124.39

VG Max Temperature (Solid) D1 [°C] 193.03

VG Max Temperature (Solid) D7 [°C] 114.20

VG Max Temperature (Solid) R3 [°C] 122.86

VG Max Temperature (Solid) R55 [°C] 123.37

VG Max Temperature (Solid) R94 [°C] 142.19

VG Max Temperature (Solid) R113 [°C] 103.61

VG Max Temperature (Solid) PCB [°C] 176.73

VG Max Temperature (Solid) U8 [°C] 107.65

VG Max Temperature (Solid) L1 [°C] 126.09

VG Max Temperature (Solid) L3 [°C] 119.35

VG Max Temperature (Solid) Battery |[°C] 48.30

Iterations [ ]: 272
Analysis interval: 122

200,00

197.26
l 179.94
162.62
14510
12754

110.27

9285

7643
I 58.02
4060

Temperature (Solid) [*C]

Surface Plot 1: cantours
Isosurfaces 1

12327
116.89
11050
10412
4773
91.35
84,96
7858
7219
B5.81
59.42
53.04
4665
40.27

Temperature (Solid) [°C]

CutPFlot1: contours
CutFlot 2: contours
CutFlot 3: contours
CutPlot 4: contours
CutPlot 5: contours
Surface Plat 3: contours

*Right

168.14
153,91
139,67

£z 77777, X TR — ) S !
Tempture (Solid) 45.49"0 5 \? ) . \ 112? ;:
/ //f\ )))) Q 96.97

e O A R

Temperature (golic)| 44.80 °C //\ e _7_ )))) RN o2
7 S —— ——— s

/ ¥/ J“. = 10.02

Temperature (Fluid) [*C]

CutPlot 4: streamlines
CutPlat &: streamlines

Temperature (Solid) | 45.51 °C ’

Temperature (Solid) (4414 °C
[ \%
\\ ———

Temperature (Solidy| 4313 C Za—5 [Temperature (Solid)] 43.81 °c | |Temperature (Salidy[44.13 °C |

N I—{Temperature (Soliv) [123.27 °¢ |

{Temperature (salig) [ 67 08 *c |

\J

Temperature (Solid)

150.00 4

100,004

50.00]

—~ (3G Max Temperature {Solid) 1

—— Y Max Temperature {Solid) U11

WG Max Temperature (Solid) G2
WG Max Temperature {Solid) Q1
—— YG Max Temperature {Solid) U4
WG Max Temperature {Solid) U3

—— WG Max Temperature {Solid) US

—— Y Max Temperature {Solid) U6

== Y Max Temperature {Solid) Q7

== WG Max Temperature {Solid) Q&
VG Max Temperature (Solid) Q22

== WG Max Temperature (Solid) D1

—— WG Max Temperature {Solid) D7
WG Max Temperature {Solid) R3

WG Mayx Temperature (Solid) RES
—— WG Max Temperature {Solid) R4
VG Max Temperature (Solid) R113

== WG Max Temperature (Solid) PCE

== VG Max Temperature {Solid) U3
—— Y Max Temperature {Solid) L1

== WG Max Temperature (Solid) L3

WG Max Temperature (Solid) Battery

S0

100

150 200 230 300
Tterations [ ]
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FINDINGS/INTERPRETATION OF SIM RESULTS:

1. THERMAL SIMULATION OF PCB ASSY LEVEL AT 40 C AMBIENT(NO ENCLOSURE)
IDENTIFY THE HOT COMPONENTS ABOVE JUNCTION TEMPERATURE OF 150 C. A 4-
LAYER PCB WAS USED IN THE SIMULATION RUN WHICH ALSO REVEALED THE HOT
SECTION OR AREAS OF THE PCB.

2.SYSTEM LEVEL THERMAL SIMULATION OF PCB ASSY INSIDE "ENCLOSURE DESIGN
1(WITHOUT BAFFLE)" AT 40 C AMBIENT(NATURAL CONVECTION) IDENTIFY THE HOT
COMPONENTS ABOVE JUNCTION TEMPERATURE OF 150 C.

-HIGHEST COMPONENT TEMP. REACHED 229 C MAX.

-A 4-LAYER PCB WAS USED IN THE SIMULATION RUN WHICH ALSO REVEALED THE
HOT SECTION OR AREAS OF THE PCB.

-THE TEMPERATURE AROUND THE BATTERY REACHED 67.79 C MAX.

3.SYSTEM LEVEL THERMAL SIMULATION OF PCB ASSY INSIDE "ENCLOSURE DESIGN
2(WITH PLASTIC BAFFLE)" AT 40 C AMBIENT(NATURAL CONVECTION) IDENTIFY THE
HOT COMPONENTS ABOVE JUNCTION TEMPERATURE OF 150 C.

-HIGHEST COMPONENT TEMP. REACHED 220.73 C MAX. COMPONENTS TEMP.
SIGNIFICANTLY IS COOLER THAN WITHOUT BAFFLE.

-A 4-LAYER PCB WAS USED IN THE SIMULATION RUN WHICH ALSO REVEALED THE
HOT SECTION OR AREAS OF THE PCB.

-THE TEMPERATURE AROUND THE BATTERY REACHED ONLY 44.87 C MAX.

4.SYSTEM LEVEL THERMAL SIMULATION OF PCB ASSY INSIDE "ENCLOSURE DESIGN
3(WITH METAL BAFFLE/HEATSINK)" AT 40 C AMBIENT(NATURAL CONVECTION)
IDENTIFY THE HOT COMPONENTS ABOVE JUNCTION TEMPERATURE OF 150 C.

-HIGHEST COMPONENT TEMP. REACHED 197.36 C MAX. COMPONENTS TEMP.
SIGNIFICANTLY IS COOLER THAN ENCLOSURE DESIGN 2.

-A 4-LAYER PCB WAS USED IN THE SIMULATION RUN WHICH ALSO REVEALED THE
HOT SECTION OR AREAS OF THE PCB.

-THE TEMPERATURE AROUND THE BATTERY REACHED ONLY 48.30 C MAX.

RECOMMENDATION:

1.ENCLOSURE DESIGN 3 IS PREFFERED SINCE COMPONENTS RUN
COOLER DUE TO HEATSINK EFFECT OF BAFFLE PLATE BUT NEED TO
ADD INSULATOR NEAR/ON BATTERY TO MAINTAIN TEMP. AROUND
BATTERY TO ~45 C MAX.

2.ENCLOSURE DESIGN 2 IS NEXT PREFFERED SINCE IT WILL NOT NEED
¢EDI3IED INSULATOR BUT NEED TO CHECK/VERIFY ACTUAL COMPONENT
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»l

040421 ConceptD.SLDASM [Enclosure A

Temperature (Solid)| 45.53 °C |

[Temperature (Solid)] 55.90 °c |

Goal Name Unit Sim Value Actual Value
GG Max Temperature (Fluid) 1 [°C] 237.22
GG Max Temperature (Solid) 1 [°C] 237.22
VG Max Temperature (Solid) U1l [°C] 205.57
VG Max Temperature (Solid) Q2 [°C] 175.60
VG Max Temperature (Solid) Q1 [°C] 185.16
VG Max Temperature (Solid) U4 [°C] 237.22
VG Max Temperature (Solid) U3 [°C] 181.28
VG Max Temperature (Solid) U5 [°C] 189.41
VG Max Temperature (Solid) U6 [°C] 188.51
VG Max Temperature (Solid) Q7 [°C] 133.09
VG Max Temperature (Solid) Q8 [°C] 157.08
VG Max Temperature (Solid) Q22 [°C] 155.97
VG Max Temperature (Solid) D1 [°C] 217.30
VG Max Temperature (Solid) D7 [°C] 152.23
VG Max Temperature (Solid) R3 [°C] 158.75
VG Max Temperature (Solid) R55 [°C] 158.70
VG Max Temperature (Solid) R94 [°C] 185.95
VG Max Temperature (Solid) R113 [°C] 147.55
VG Max Temperature (Solid) PCB [°C] 197.02
VG Max Temperature (Solid) U8 [°C] 141.20
VG Max Temperature (Solid) L1 [°C] 161.01
VG Max Temperature (Solid) L3 [°C] 156.35
VG Max Temperature (Solid) Battery [[°C] 56.22
VG Av Temperature (Solid) Battery [°C] 46.76
GG Max Static Pressure 1 [Pa] 103981.13
GG Max Velocity 1 [m/s] 1.72
SG Av Velocity at Outlet [m/s] 0.13
SG Av Velocity at Inlet [m/s] 0.09

Iterations [ ]: 285
Analysis interval: 128

Temperature (Solid) [°C]

250,00

200,00

150,00 4

100,00 4

s0.00 4"

Ternperature (Solid)| 44 69 °C |

Temperature (Solid)

177.70
162.43
14716
131.88
116.62
101.35
86.08

70.81

,_I_' 55.54

40.27
Temperature (Solid) [*C]

Surface Plot 4: contou

0331
0235
0.258
0221
0184
0147
0110
0074
0037
il
Yelocity [rmfs]

Cut Plat 3: streamlings
Cut Flot &: streamlines
rs Flow Trajectaries 4

| Temperature (golig)] 93.98 -C |

Temperature (Solid) | 174.99 °C

ENCLOSURE A THERMAL SIMULATION,

1. ENCLOSURE SHRUNK TO NEAR BATTERY

2PCB 4-LAYER(Top-20%;Lav2-80%;Lay3-10% 50%]), 20z,
3BAFFLE COVERS 2/3 OF PCB AREA

4 MESHFILTER AT INLET/OUTLET YENTS

o S0

150

Tterations [ ]

200

250

300

== (3G Max Temperature
—— WG Max Temperakure

WG Max Temperature
== W3 Max Temperature
—— WG Max Temperakure
= WG Max Temperature
== VG Max Temperature
—— %G Max Temperature
== i3 Max Temperature (Solid
== W13 Max Temperature (Solid) Q3

VG Max Temperature (Solid) G22
== WG Max Temperature (Solid) D1
—— Vi3 Max Temperature (Solid) D7

VG Max Temperature (Solid) R3
== WG Max Temperature (Solid) RSS
—— W3 Max Temperature (Solid) R4
—— Y Max Temperature (Solid) R113
== WG Max Temperature (Solid) PCE
== i3 Max Temperature (Solid) US
—— Y Max Temperature (Solid) L1
== WG Max Temperature (Solid) L3

WG Max Temperature (Solid) Battery
—— ¥ Av Temperature (Solid) Batkery

Solid) 1
Solid) U
Solid) 2
Solid) 91
Solid) U4
Solid) U3
Solid) L
Solid) U
) Q7
1
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Temperature (Solig) | 44.92 °C | [ Temperature (Saliy] 45.61 -c

| Temperature (Solid) [42.72 *C

[Temperature (Solid)] 45.26 °C |

| Termperature (Solid) | 44.80 *C

[Temperature Salid) | 43.12 *C

T

>

Temperature {Solid) | a9.0a"C

Temperature (Solid) | 46.15 *G

| Temperature (Salid) | 62.83 °C |

040421 ConceptD.SLDASM [Enclosure B::

250,00

Temperature (Solig) | 49.39 *C |

Termperature (Salid) | 42.81 *C |

Temperature (Salid) | 42.42 *C |

177,70
162.43
14716
131.89
116.62
101.35
86.08
70.81
55.54
40.27
Temperature (Solid) [*C]

Surface Plot 4: contours

~Temperature (Solid] 79.15 °C |

Temperature (Solid)| 174.26 *C |

Ternperature (Salig)| 200.31 *C|

Ternperature (Salig) [138.70 °c |

Temperature (Salid) | 190,62 °C |

Printed Circuit Boards

Lynx Proto PCE 4-Layer(Top=20%:L2=90%;L3=10%;Bottorm=90%;2 oz.)

Temperature (Solid)

Temperature (Solid) [2C]

Goal Name Unit Sim Value Actual Value
GG Max Temperature (Fluid) 1 [°C] 228.05
GG Max Temperature (Solid) 1 [°C] 228.05
VG Max Temperature (Solid) U11 [°C] 192.99
VG Max Temperature (Solid) Q2 [°C] 164.67
VG Max Temperature (Solid) Q1 [°C] 175.25
VG Max Temperature (Solid) U4 [°C] 228.05
VG Max Temperature (Solid) U3 [°C] 174.54
VG Max Temperature (Solid) U5 [°C] 185.08
VG Max Temperature (Solid) U6 [°C] 178.84
VG Max Temperature (Solid) Q7 [°C] 127.72
VG Max Temperature (Solid) Q8 [°C] 150.89
VG Max Temperature (Solid) Q22 [°C] 146.23
VG Max Temperature (Solid) D1 [°C] 204.00
VG Max Temperature (Solid) D7 [°C] 141.94
VG Max Temperature (Solid) R3 [°C] 147.73
VG Max Temperature (Solid) R55 [°C] 145.68
VG Max Temperature (Solid) R94 [°C] 181.36
VG Max Temperature (Solid) R113 [°C] 136.29
VG Max Temperature (Solid) PCB [°C] 160.84
VG Max Temperature (Solid) U8 [°C] 131.22
VG Max Temperature (Solid) L1 [°C] 149.54
VG Max Temperature (Solid) L3 [°C] 144.84
VG Max Temperature (Solid) Battery [[°C] 50.99
VG Av Temperature (Solid) Battery |[[°C] 44.26
GG Max Static Pressure 1 [Pa] 102863.24
GG Max Velocity 1 [m/s] 0.80
SG Av Velocity at Outlet [m/s] 0.19
SG Av Velocity at Bottom Inlet [m/s] 0.04
SG Av Velocity at Lower Rear Inlet [m/s] 0.08

Iterations [ ]: 388
Analysis interval: 124

100

200 250 300 350

Tterations [ ]

= (3G Max Temperature {Solid) 1
== Y3 Max Temperature {Solid) U11
VG Max Temperature (Solid) G2
WG Mayx Temperature {Solid) Q1
== Y03 Max Temperature {Solid) U4
= (3 Max Temperature (Solid) U3
== W03 Max Temperature (Salid) LS
== Y03 Max Temperature (Solid) Ua
== Y03 Max Temperature {Solid) QF
—— ¥G Max Temperature (Solid) G5
WG Mayx Temperature (Solid) Q22
= Y3 Max Temperature (Solid) D1
—— WG Max Temperature (Solid) D7
WG Max Temperature (Solid) RS
WG Mayx Temperature {Solid) R55
== Y3 Max Temperature {Solid) R4
—— ¥G Max Temperature (Solid) R113
= Y3 Max Temperature {Solid) PCE
== Y03 Max Temperature {Solid) Ug
== (3 Mayx Temperature (Solid) L1
== W03 Max Temperature (Solid) L3
WG Mayx Temperature {Solid) Battery
=~ Y3 Ay Temperature (Solid) Battery
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