—>» Load Switch Load Switch <€—— Load Switch <— —>» Load Switch
/ |7
B
ENS  Eng
SPI
8V EN2
S h 4
EN1 Beaglebone €
3.3v—» ADC —
/\
T_ X
BV BV
EN
Darcy BMS e
5V
Buck
48v ¢
s = o Load Switch
Responsible Engineer: Pratham Ingale Battery Pack | —48V—> siG
Primary Sheet.SchDoc 48124 24v—>»  CL
Buck
a a D
Project: Darcy_BMS.PrjPch
Sheet Title: Top Level.SchDoc
Schematic Designer:  Pratham Ingale c
Size: A4 | PCB Layout Designer: Pratham Ingale Yellow Jacket Space Program )
Responsible Engineer: Pratham Ingale Georgia Tech
Date: 3/18/2026 Revision: 2.1  Sheet 1 of 7 Atlanta, GA

1 2 3 4




Primary Sheet
Darcy Battery Management System (DBMS) 1
P3V3 PVBUS Connector Load Switch.SchDoc
T—D PVBUS
Q1A > P3V3
b5V0 — ‘ H%’D GPIO_66 GPIO_67 <»%gﬁ< ENL S isen
- Decoupling capacitors >%5§N> GP10_69 GPI10_68 QW FLTH1
Q1B <251 GPIO_45 GPIO_44 r<ree—x = I FRLT#
5 2 SCLK g1 GPI0_23 GPIO_26 r<rez—x
£~ VDD 5V SPI0_SCLK/GPIO 2 =5z oSk £351 GPI0_47 GPIO_46 mige— > GND
L6 VDD_5V SPI0_DO/GPIO_3 ~fe————res a1 GPIO_27 GPIO_22 tim—x
- SPI0_D1/GPIO 4 (s g1 GPI0_65 GPIO_61 rizfr—> RV
Lo Lo Loz L X—g1 SYS 5V SPI0_CSO/GPIO 5 =i tg>1 GPIO_62 GPIO 88 rizr—
T iowF [ 10pF | 1uF | 1uF —— SYS_BV SPI1_CS0 [=—x( @E GPIO_36 GPIO_89 rtze—x 7
se 3 IR S el i P 7 gg:g—gé gg:g—g QWE i P3V3 PVBUS Connector Load Switch.SchDoc
<24 \ypbDav3 SPI1_DO/GPIO_111 <»%gﬁ< chi GPIO_87 GPIO 80 <%%< T pvaus
%32 | vpp ADC S%’Tlll_cg(l);gg:g_ﬁg 8 prami ok P8 o 88 < > pav3
MH1 — . = 22 8 = — 88
oD YVEVEENEE o SPI1_CSW/GPIO_7 r<e—x Mbss GPIO_8 GPIO_75 <tee—x D
@ SAVASENSE o] AINO SPIL_CS1 i X521 GPIO_T78 GPIO_73 (<rs—x = S LSEN
M3_PTH 37| 1 DRDY# 8 - - FLT#2
ANz 6P10_30 5 Grione gpio_ = =X AT g
38 = 12 89 = 50
'R 331 AIN3 P9 GPIO_60 % 57l Y57 GPIO_72 MMCL _DAT7/GPIO_39 =tZs—x
5 AIN4 GPIO_31 — FEr St GPiIo 70 MMCL_DATB/GPIO 35 rZe—x > GND
5 | — > 15 FLT# = -
N o Ghiose |13 FLTA NIMCL DATSIGHO 7 88 A
— o GPIO_51 MMC1_DAT1/GPIO 33 iza—x
GNDA_ADC MMC1_DAT6/GPIO 38 igr—x
MH3 = B - = 1 3
9 GPIO_49 =% ENL MMCL_DAT2/GPI0_34 <==—x P3V3 PVBUS Connector Load Switch.SchDoc
X151 PWR_BUT GPIO_15 (<isz END 5 e
Nerfom »$—=— SYS_RESETn GPIO_117 Pe ENG : DGND DGND r—j PVBUS
= GPIO 14 28— ENS
1 - 7 EN4 BeagleBone_Black !
YT 5 Bgmg GPIO_115 N N > P3V3
43 41 EN3
@ 27— DGND GPIO_20 === = > LSEN
DGND
M3_PTH jg DGND FLT#3 LT
DGND
v BeagleBone_Black J7_C> GND
GND
GND
4
P3V3 PVBUS Connector Load Switch.SchDoc
ADC
P3V3 P5V0  ADC.SchDoc L PVBUS
> P3V3
> P5V0
EN4
Load Switch S P3v3 > LSEN
PVBUS P5V0 Load Switch.SchDoc P3Vv3 P5V0 P24V0 PVBUS Power FLT#4
Power.SchDoc 5V-VSENSE K] FLT#
e ™ 5V-VSENSE
> P5V0 > PVBUS > GND
SVEISENSE v/ 1SENSE
] PVBUS ] P24V0
BAT-VSENSE BATVSEREE 0 paT-vseNse enp
o o ("] BAT-VSENSE ] P5V0 NREENEE
BAT-ISENSE ———————— > BAT-ISENSE
o (] BAT-ISENSE P3V3
MOSI — Mo
> GND 24V-VSENSE ) oav.VSENSE
LG MISO
24VEISENSE V1 54\ ISENSE L
GND SCI_K—D SCLK CurrentLoop.SchDoc
BV2VSENSE ] 5V-VSENSE csi S p24v0
I > CS#
BVEISENSE (] 5V-ISENSE ORDYS CLSIG g
] DRDY#
> GND > GND
LD CLSIG
GND L~ GND GND
GND
Project: Darcy_BMS.PrjPch
Sheet Title: Primary Sheet.SchDoc
Schematic Designer:  Pratham Ingale c
Size: A4 | PCB Layout Designer: Pratham Ingale Yellow Jacket Space Program )
Responsible Engineer: Pratham Ingale Georgia Tech
Date: 3/18/2026 Revision: 2.1 Sheet: 1 of 6 Auantalca

1 2 3 4 5 6




1 2 3 4 5] 6
P5V0
Power 24\ ISENSE P24V0
Power and Monitoring 1 o :
2 c5 Kelvin sense routing
Gain=0.5 V/IA for shunt resistor R1
fow =160 Hz 100nF _—— TOOK ¢ P24v0 >
GND u1 2 01%
TI_INA293A2IDBVR 0603
R2 >’ 24V-ISNS P A= _ 24V-VSENSE 24V-VSENSE
24V-ISENSE_ T 1
<{_24V-ISENSE WA [a) 4 24V-ISNS N —
10K = — L
5 SR3 c6
C7 ~ 4.7k 50V
100nF 0.1% 10% 90.9mV/V
v 100nF LPF, fc=160Hz
GND GND
v | 24V VSENSE
GND GND Multiply voltage output by 22.277 to get rail value
N 4(") N 1
48V -> 24V BUCK Flyback diode v
PVBUS 10m
u2 C8  100nF
0,
2 VIN BOOT 1 50V || 10%
8
——C9 —=C10 —=Cll leave floating to enable S 22uH SV ISENSE P5VO0
100V 100V 100V 3
10% | 10% | 10% A EN S8A
SR5 |_— I -
10uF 104F LuF : 6. comp <291k 4 4 4 n “Kelvin sense routing
——C12 ——C13 —=Cl14 . C15 .
R6 s L8 0805 100V 100V 100V f(;;)al _1%.5 X/A . for shunt resistor
v o 1% 10% 10% 10% W= : "
GND ——C16 0603 - 10uF 10uF 1uF GND o U3
50V =
= RT/CLK GND Z; Z01% 2 3 Tl_lNAZQjéIZ_IDBVR
47pF —=C17 GND (PAD) 10k (BVASENSE | SVAISENSE R 1 >
10nF TI_TPS54560B-Q1 v /0603 v W\ a -
10K z
10% GND GND GND (¢
0402 C18 ~
100nF
[$;] [5;]
< <
GND v 2 2
GND PVBUS 48V => 5V BUCK GND : ;
U4
PVBUS 123 20
= VIN BST —_l_
C19 P5V0
100nF
L2 5.8A o] o~
——C20 —=C21 —=C22 4 17,18,19 ] . . . 4 1 >
10uF 10pF 1pF EN/UVLO Lx 224H 510 P5V0
<10 | T RESET 02— 10m
6 9
1 SYNC RE c23 C24 c25 o
v 12 | 1 22uF | 22uF | 1pF D2
GND VCC MODE
. SR11
C26'"14,15,16, 21 8 GND GND GND 7 100k
“fw = 500 kHz 2.20F h PGND CF —X SR12
13 SGND s | 7 143k GND 5V-VSENSE @
“(3.3-2.5)/1000 ‘ “(5-2.5)/1000= | |(24-2.5)/10000 | | (48-2.5)/10000 GND MAXIMEMEX1TE08 o 2R3 —Lcw @&
=0.8mA 2.5mA =2.15mA =4.55mA b3 ok T translation =11 V/V
v, 22nF 1 100nF
fbw =160 Hz
GND ~ N L =————————
Soft start of 4 ms v Forced CCM mode SR14
GND GND 31.6k
Status LEDs 3.3V LDO —_—
5 7 ¥ Yo 5V VSENSE
P3Vv3 P5V0 P24V0 PVBUS s P3V3 GND GND
1 5)
IN OUT c29
R15 R16 R17 R18 3 1uF P24V0 P5V0 P3v3 TPl
1k 1k 10k 10k c30 EN o
1WF =—— 4 2
— — — — >¥——— NC GND ¢ T P 0
D3 D4 D5 D6 TI_TPS7A2033PDBVR est Points T -
N ™ N ™ - e o @ Project: Darcy_BMS.PrjPch
o o o o Sheet Title: Power.SchDoc
v TP2  TP3  TPA GND Schematic Designer:  Pratham Ingale c
GND GND GND GND GND GND Size: A4 | PCB Layout Designer: Pratham Ingale Yellow Jacket Space Program )
Responsible Engineer: Pratham Ingale Georgia Tech
Date: 3/18/2026 Revision: 2.1 Sheet: 3 of 7 AlaniaCo

1 2 3 4 5 6




Load Switch

Battery Sense and Load Switch
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ADC
Analog to Digital Converter
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Connector Load Switch

Connector Load Switches
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Connector Load Switch
Connector Load Switches
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Connector Load Switch
Connector Load Switches
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Connector Load Switch
Connector Load Switches
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DESIGN CALCULATIONS

System Avionics Module: Current Loop Sensors

POC: Billy Ewles

date of last edit: 4/10/2024

Board Operating Conditions PPM Tolerance Min Nom Max Unit
Temperature -20 25 85 C
Current Loop - Current Source IC (LT3092) PPM Tolerance Min Nom Max Unit
lout Max 22 mA
Chosen Rset 50 0.1% 21928.55 22000 22088.07 ohm
Set Pin Current 9.8 10 10.2 vA
Vset 0.2149 0.22 0.225298 V
Rout 10.00455 ohm
Chosen Rout 50 1.0% 9.877725 10 10.1303 ohm
lout 0.0212 0.0220 0.0228 A
Current Loop - 100 ohm resistor PPM Tolerance Min Nom Max Unit
Shunt Resistor 50 0.1% 99.67523 100 100.4003 ohm
Shunt Voltage, under short 2.115 2.200 2,291V
d}wer 0.045 0.048 0.052 W
Current Loop - Sensors - Accuracy PPM Tolerance Min ‘Nom Max Unit
Note: we will assume infinite accuracy & precision of the raw sensor, this exclusively determines measurement interface across ct
Shunt Resistor 50 0.1% 99.67523 100 100.4003 ochm
Ideal Current 4 20 mA
Resistor Voltage, low current 0.398701 0.4 0.401601 V
Resistor Voltage, high current 1.993505 2 2,008006 V
Error 0.1% 0.40 %
Current Loop - ADC - Accuracy PPM Tolerance Min Nom Max Unit

hi

ADC introduces negligible error, this is eliminated

from the GSAM

A
This schematic is borrowed
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