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M17 SIDE SWEEP BOARD

Rev E - Major CHANGES from Design review.
Precharge to use micro to control.

Rev F - References cleaned up for LAYOUT

Rev G - DIODE added to Pre charge.
changed resistors from 0402 to 0603
changed HIGH current FETs to LOW current FETs
changed JTAG port to smaller version
added a NON-POP cap for possible filtering for Vac Fan
added 2 NON-POP resistors for possible increase in discharge time of BULK CAPS

Rev H - Changed Precharge flyback diode connection to Precharge in.

PCB

Rev J - Changed Op-Amps for Vac fan circuits from OPA2727 to LM358D. B -
OPA2727 were having latch-up issues due to ESD coming from FAN. i
Rev K - Convert to Altium Fwi
Cleaned up excessive text notes, removed notes can be found in changelog in SVN
Change CAN chip to CAN FD part LT

Add bidirectional TVS diode to PRECHARGE IN at J4
Add output protections to Dust Vac 1 & 2 and Dry Vac circuits
Changes summary:
+C205, C206, C207, C208, C209, C2i10, C211, C212, C213, C214
+D25, D26, D28, D29, D30
+R238, R249, R250, R251, R252, R253, R254
-C198, CIN3, CIN4
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VDD_5p0V VDD_3p3V
T SPI10 VDD_3p3V
VDD_5p0V c28
2 FLASH L oo
D22 205K 10K u2 %
R236 10K
[ WRAP_ENGAGE_SW G u K ’ {"WRAP_ENGAGE_MICRO seio ras eram X 1 f g vee 8
1 APP*NOTE_ R ~ U4
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FLASH nCS 40 - . 100 X
SPI0_FLASH FRAM RX 41 -~ . 136 CAN_RX FLASH_nWP 8 WP
C44 SPI0_FLASH FRAM TX 42 R M 135 CAN_TX
100pF FLASH nWP 45 VBATT_REF NRESET 3| 5= 7
12 26| o @52V 2.53V to micro RST GND
R @36V 1.75V to micro AT45DB0BIE/SU
JTAG TCK 118 1 @31.5V 1.53V to micro
CAN COMMUNICATIONS 0K TTAG TS 117 | Feormex PO 15 VBATT REF | PRECHARGE_VALUE ~85% DNI
PC1/TMS PD1 PRECHARGE VALUE |
JTAG TDI 116 3 SOFTWARE SETTABLE
Tre—| ezl PD2 [~ NTC_AMBIENT ]
i TAG 10O 2 Pcamoo PD3 [ NTC_BUCK | NON-POP
12V Going out the CAN J1-4 powers the User Interface Module <—22 pca PD4
@ PC5 PD5 42
I PD6 43
VDD_5p0V VDD_3p3V a3
_op _3p. HS?’ PC7 PD7 &
C206 HEARTBEAT LED
[ LEFT_BRUSH_CURRENT SENSE ji PEO PRO gg RIGHT SWEEP_ACT PWM
A R252 €202 | RIGHT_BRUSH_CURRENT_SENSE T ™ PFL 2 DUSTL_VAC_ON_PWM
1-6\;* 5 0.047uF [ LEFT_SWEEP_ACT CURRENT SENSE 5 Pe2 PRz o DUST2_VAC_ON_PWM
v 50V [ RIGHT_SWEEP_ACT_CURRENT SENSE T35 PE PF3 [ WRAP_VAC_ON_PWM
W PE4 PF4 W
1 vee 7 W PE5 PF5 59 ENABLE_PRECHARGE
R253 CANTX—4 TXD  CANHI ¢ CANTE CAN_H 13 PEs PF6 |22 CLOSE RELAY SPI0 FLASH FRAM X
== OA#' XD cANto AR G L LED1_G2 GREEN LED R E PFY ERECHARGEIFRROR SPI0_FLASH FRAM_CLK
- HEARTBEAT
8 | st vio k-2 o — ~ = N [FIRE_INDICATOR MICRO gi PGO PHO gf DUSTL VAC FREQUENCY SENSE | e e
; < n
ki oo 25 [WRAP ENGAGE MICRO <33 | e oz |28 DUST2 VAC FREQUENCY SENSE |
R246 | TIAL462AT/OZ A=Y LEFT_BRUSH_PWM 22| pes pHa 21— FLASH nwP
% 1K LEFT_SWEEP_ACT _PWM =] P4 PHA =52 WRAP_VAC_FREQUENCY_SENSE |
can LeD RIGHT_BRUSH_PWM 28] P PH5 25— —
™ W PG6 PH6 ﬁ
v >$——— PG7 PH? ——X
R27 H%.%?. PJO PKO g
162 o] P PKL 72
le:; PJ2 PK2 9
H127 PJ3 PK3 Hllz
les PJ4 PK4 Hlll
LED2 Y1 W YELLOW LED [ LT_BRUSH_STATUS i £* sl TS
130 109
N CAN [ RT_BRUSH_STATUS Pi7 pi7 L0 S S VDD 3p3V
% PLO PMO % I
LEFT_SWEEP_ACT DISABLE i o5 PLL PML [ R3
VDD_3p3V LEFT_SWEEP_ACT DIR ; 05 | P2 A e DNI DNI BOARD REVISION BIT DECODER:
RS-232 SERIAL PORT x _— = e L N s sy o1 o
H REV O 0 0 0 MULE BOARD
NI Keep FB3 close to “RST RIGHT_SWEEP_ACT DISABLE] 03] oy ows |84 BRD REV BITQ REV1I 0 O 1  PL5 BOARD
Ul eep FB3 close to ; % 83 BRD REV BITL | REV 2 o 1 o TBD BOARD
VDD_3p3V e R1 RIGHT_SWEEP_ACT DIR | 9= PL6 PMs [ ey v v PO
T L |3 % FB1 [RIGHT_SWEEP_ACT _STATUS PL? PM7
Q _
DNF— 12 0.1uF RESET = J‘éfgau % PNO PPO g; HEARTBEAT LED
L — = 300 Ohms R P PPL [ —
2\ X ) 10nF <=4 PNz PP2
- 1 119
2 DS1816R | e 77
I DN 3 W PN4 VBAT [——X
e\t g PN —
DNI Hes PN6 HIB H72
RS22TX X <22 1 pN7 WAKE |5/
CON3
nRESET_Micro 90 RST
RS232 RX X1 QZPCBRST-16MHZ VREFA+ 8
I I 92 0sCo
93
_T_ c6 _T_ c7 0sC1
18pF 18pF % X0sC1 vrera. (2 CORE VOLTAGE
v X0SCco 49 '=1.2V+-10%
75 vbbel s .
GNDX VDDC2 —T VDD 3p3V l
zg GND1 VDD1 24 . o 2 - o . - T ;23;)
u
30 | oo uoor 29 l c61 l c60 l c59 l c38 l c31 l c24 l c14
44 | \oa vopa 23 1uF 0.1uF I~ 0.1uF I~ 0.1uF 7~ 0.1uF 7 10nF = 10nF
57 56
57 GND5 VDD5 56
79 GND6 VDD6 78
GND7 VDD7
VDD_3p3V VDD _3p3V VDD_3p3V VDD_3p3V 91 | Cuos voos |94 VDD_5p0V 3 0V Reference for A/D
T ﬂi GND9 VDD9 i% FB3 6y G5%
GND10 VDD10 300 Ohms ' ;
JTAG R11 R9 R2 ﬁg GND11 VDD11 ig;‘ e 1 LM4128 5
100K 100K 100K GND12 VDD12 »—=— NC VREF
J1
1 2 R6 A 2L4 amac s 10 1 enoa vooa |1 /00 Hwn 2
1L & 3 1 R8 AW\ 2L ac 1o TMA4CIZ3BH6PGE l ca9 l ce3 ENBL O ces 66
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0.1uF 7 8 R12 ,VV\I27.4 JTAG TDI 1UF — Rl
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ANN ° FB2
20021121-00010CALF 37 /YYTY\_GhDA : ¢
R7 10nF 300 Ohms
N4 100K N From Volga Wet
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VDD_5p0V
VDD_5p0V
=7 LT BRUSH_STATUS >
R204 D20 pa
10K S { FLYBACK |
- U39A DNI ” FLYBACK
1 wEs 3 DNI SK310A-TP
, \
LEFT_BRUSH_PWM oo ER LEFT_BRUSH_LOAD |
R214 | 7aHcos-HCT-TTT DRl
10K g 4
ussa__ 6 R226 /; M2
\/ 1 13 5 | IRLR2908pbf
1™ 8 Q3 VWA |I-< p
R184 B > mX 7AHCO8-HCT-TTL o1 \t
C162,| 0lF 14 | R101 R222
?522 ?gf AN— 5 R 5 KEEP AND and SWITCH CLOSE 10K
143K 3 z MWV
nCLR O
usec 74HCTA23 K
9 74V1GO8STR
8 5A
10
© us? R187 u44n”™ R224
74HCO8-HCT-TTL ah ol | -] 3 A
DNI a SR MWy : 2 5A
NRESET UT W L » oPaz72r T 1K
<
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S wires on
A4 same layer.
R225 R226
DN DN . .
€197/ | 220pF
VDD_5p0V 3 {} _
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’ ’ ’ 147K 5A
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6.3V . 0.1uF AuF
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l l ~ § R213 v _NIV9 A —T NIV
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T 22nF 6.8nF 2.2nF
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"4 K
_ Connect to line
NOTES on Plan-B Resistors - before going to vial
Rf @ 28.7K
Ro @ 147K
OA = 0.502V to Micro
SPARE 5.02A = 2.50V to Micro
R234 %
1
U388 LEFT BRUSH_CURRENT SENSE } T VWA
9 PLACE CAP CLOSE TO MICRO Cc196
0| M Q jfgz oL
R186 E g
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N 143K u | g
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@ U44B
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DI
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143K 3
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9 74V1GO8STR
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74HCO08-HCT-TTL © U29A°° R166
v2z g, s DM R105 ) L8 ANV
ORI . S| AM .
NRESET UT Lt I oPA2727 T 1K
< Keep sense
V3 wires on
S same layer.
DN DN R168 R167
27m 27m
C152, | 220pF
VDD_5p0V . R146
T 719S
AN A4 340
) 147K SA
C108 lc137 lcnz Jg123 lc145 lc147
—— 100uF
6.3V 10uF i 1uF 1UF 0.1uF o
u27
Lo eur JLE § R126
\ 39.2K
VDD 500V TPS73101
2 S1en 2 rB 4
5} R173
~ § R147 v _NIV9 A —T NIV
c141 c118 C140 36.5K
T 22nF 6.8nF 2.2nF 28.7K
N § RG3
\ 1K
) Connect to line
NOTES on Plan-B Resistors - before going to vial!
PR Rf @ 28.7K
o g Ro @ 147K
O [ 0A = 0.502V to Micro
R104 5.02A = 2.50V to Micro R172
10K R103 Rigs  C138 .0LUF 61 ¢
10K AN l 1 ric RIGHT BRUSH_CURRENT _SENSE } T VWA
?& 143K 1 PLACE CAP CLOSE TO MICRO C150
nCLR 121
0.1uF
74HCT423
A/D filteri
nRESE 1 ering
VDD_5p0V
Connect to line
before going to vial!
SPARE R162
§ 10K U24D
u29B | ] 5 PO
7 G 10K
- 74HCO8-HCT-TTL
< DNI
OPA2727 § R161 R106
10K 10K
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10K v
DNI
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VDD_5p0V
c113  |cis4 l0134 ngos cui 0134_
—— 100uF —
63V 10uF dubs 1UF  0.1u 0.1u
20%
VDD,_5p0V

o Tale SWEEP BOARD H - BRIDGE

VDD_12V  op D13
T N Copper width to handle 10A Secondilr_yﬁe'ay Copper width to handle 10A
VDD_5p0V l . .
R176 10K c131 SK310A-TP
10uF Cgs of 33nF not Populated. This is used to C115 Cl14
VDD___5p0V E(iar:gﬁ(iatﬁl:lird\e;}‘giﬁ:t and EMI during testing of the 1uF 0.1uF load is pulled high in case of
VDD_5p0V So since capacitance increases, for a constant current, 100v 100v overcurrent or timeout. - other
a5 slew rate increases. side of load MUST be
b connected to V_36_Relay
VDoV R154 RLS2 12
R163 10K vce B 100K R il ﬁl: Q
E AN uzen - = c132 WV IH} LR
2 T —
[ LEFT_SWEEP_ACT DISABLE 8 C146 \__
GND 121 VDD_5p0V DIS § " g 470nF oA L
7 10 33nF -
74HCO8-HCT-TTL HI HO 7 n Copper width to handle 10A
1 R180 HS 10A 10A
DNI . \
, 3 A 4l Lo |13 [ LEFT_SWEEP_ACT_LOAD1
VDD_5p0V 121 et 5| op & HIP4082 and IRFS3206 Switches R183 By VDD_12Vop
SN74HCTO0D 208 To be as close as possible. on 18 D16
of  uss R130 © R117 s paLL ) ﬁ': 5A c107 D12 SK310A-TP
\/VV\ [ IRLR2908pbf
1 49.9K oA l % SMAJ45A ”
) 2 ci124 ci61 1'?)(1)? % do
on sy R174 oD ‘[33 = 2.2nF ﬁ; 0
LEY ) o C116 IRLR2908pbf
R177 10K 0K ;7 G| dewalier 2A u26B — == 470nF G}
8
VDD_5p0V. DIS g gl = —=c103
Copper width to handle 10A
U32C 2 | HO 12 R101 \ALL 33nF pp
e - U32B 3 R129 HS
wEn & a 3A a DNI g " [ LEFT_SWEEP_ACT_LOAD2
a R179 A - DNI — A . a 3y AN LI Lo
\ 6 DNI 1A g Q [LEFT_SWEEP_ACT STATUS 5 2y 3B a5 | 5 2
5 AV B S no 4 L 5] dan- . B Det 5 1pp 2
[LEFT_SWEEP_ACT_PWM SN74HCTOOD NOTES on Plan-B Resistors
121 VDD_5p0v C135),.01uF COG 14 Q10
R132 l—||715 © SN74HCTO0D Rf @ 14K ©| L1paos2 DY (5D il ||_
R178 74HCO8-HCT-TTL RIC - Ro @ 75K A= lH} IRLR2908pbf
143K -
10K 3| cr 2 OA = 0.493V to Micro \H
.91A = 2.50V to Micr T C117
74HCTA23 R1189-9 S0V to Micro 33nF
AN T { LEFT_SWEEP_ACT_CURRENT_SENSE
VDD_5p0V Cc125 PLACE CAP CLOSE TO MICRO
R138 10K U31C R153 121 5quE )
A DI WRIDLEY Copper width to handle 10A
8 A VDD_5p0v VDD_5p0V
10
[LEFT_SWEEP_ACT DIR J 2 HER w U208% AD Filtering
74HCO8-HCT-TTL 10K v pi R165 42 RILSMAK
o L Keep sense
DNI 4 N MV 2 K _
uT 1K eep sense wires on
U31D 1 OPA2727 wHrEs @m
- R137 tmvase T | same layer.
nRESET 1 DNI i same layer.
13 M\ o R112 R111
J/ 121 NI 27m 27m
74HC08-HCT-TTL "4 GdZ TN 110 V195440
MV
75K
C126/220pF i
DNI I Copper width to handle 10A
VDD_5p0V u2s VDD_5p0V
1 [re— § R120
39.2K
TPS73101
3 a 4 R100
EN 5 FB T5v - VDD_5p0V SPARE § 10K
U30B T
N § R128 R119 10A CHI YN o 2 U32D Rog
365K | — - 10 fp nQ BNI 3
Y _NIV9 AN g NIVD 12 IA
R135 R175 C153;|.01uF 6| ¢ ay it 6 10K
10K 1k L L 7 13
14K RG2 R134 e &=
N 1K 10K 11 LR R140 SN74HCTO0D § REEE
10K 10K
74HCT423 R139 R96
R133 10K
B 10K
Connect to line 0K N
before going to vial o
r
r
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VDD_5p0V
C86 C100 lcso J§94 lcge lcsz
—— 100uF —
63V 2ouby dubs 1uF 0.1uF 0.1uF
20%
VDD_5p0V
c101 co7 lCQl
- 22nF —— 6.8nF 2.2nF
|
VDD_12V  op D10
T N Copper width to handle 10A SGCO”dElV_V-Re'aV Copper width to handle 10A
€92 l SK310A-TP
VDD_5p0V VDD 500V 10uF c84 c83
_op 1uF 0.1uF
T 100V 100V
VDD_5p0V
< load is pulled high in case of
VDD 5POV Sl R78 overcurrent or timeout. - other
= — R81 % /|: Q8 side of load MUST be
100K Ul4Aﬁ R79 \/Wl'l | [ IRLR2908pbf connected to V_36_Relay
3 AN e - C93 %
RIGHT_SWEEP_ACT_DISABLE 2 oD 121 VDD 500V 8 [ bis 5 . 470nF on cos |
7| 2 :g’ 10 33nF Copper width to handle 10A
74HCO08-HCT-TTL 11
1 R90 HS 10A 10A
a [
DNI a i [ RIGHT_SWEEP_ACT_LOAD1
2 AN LI LO
VDD_5p0V 121 5| pg & HIP4082 and IRFS3206 Switches R91  gA VDD_5p0V VDD_lZVZA
el-4 e To be as close as possible. o 18 DXL
. ;0 u18 R67 © R60_ AAALL ] /Ii} IRLR2908pbf SMAJ45A cs1 D9 SK310A-TP
49.9K
4 2A cssl \'j c102 R59 % 10uF Pl
2 2.2nF 100K
GND 33nF /— Q5
|_‘
REE o  1G08_HCT b u14 ces5 | R54 AL | 1< &) irLR2008pf
10K d 2A - [ ]
8 470nF c79
VDD_5p0V DS 8 1 L )
VDD_5p0V 2|, > l:‘g 16 oA 33nF Copper width to handle 10A
R87 10K uirc 15
- u17B 9 R66 HS 10A ‘ 10A
= 3A DNI { RIGHT_SWEEP_ACT_LOAD?
vies R89 V1SR 13 DNI 41 on 6 N 3y pé A EN Lo 1
DNI nA QO Q RIGHT_SWEEP_ACT STATUS 2y 3B o
6 2 4 ! 5 k 5
5 / Y B S X e SN74HCT00D NOTES . =
[RIGHT_SWEEP_ACT PWM 121 VDD_5p0V C95 |1.01uF_COG 14 Q6
T 0 SVER l_”—15 © SN74HCTO0D Rf @ 14K ©| 1paos2 - 11 [
R88 74HCO8-HCT-TTL RR A RC Ro @ 75K AL IH} IRLR2908pbf
= 3| or 2 0A = 0.493V to Micro 2A a7 \H
.91A = 2.50V Micr T
VDD 50V 74HCTA23 o VDb 50 Re2 9.9 S T3 S 33nF
_5p _5p :
0 R = AN T {RIGHT_SWEEP_ACT_CURRENT_SENSE
121 c89 PLACE CAP CLOSE TO MICRO
u16C RS0 0.1uF _
9 oNI Keep sense Copper width to handle 10A
8 A § R72 VDD_5p0V VDD_5p0V wires on
10 /
[RIGHT_SWEEP_ACT _DIR 121 10K 1] u19 U12A°;|V/ A/D filtering same layer.
3 R58
74HCO08-HCT-TTL D + AN
DNI . il Rea AN 1 ) Keep sense
uT a SR = wires on
U16D - LMV331 N+ - same layer.
nRESET 12 \ 1 DNI
13 AV ~
121 _ R61 =
74HCO8-HCT-TTL Sde_ J3A A —Y 195140
75K DNI . -
C90 ;| 220pF 27m 27m VDD_5pov
LI
DNI VDD_5p0V
VDD_5p0V T
_T_p . u13 ; - utsa . UL7D SPARE § R53
IN  OouT § 0| A Q - DNI 10K
39.2K B nQ AA R51
TPS73101 &7 ol
3l en 2 g |4 R71 3 C99 || .0LF 6 ¢ 13 | 45 5
5 1.2V 10K R70 v L - T ric R76 6
R65 10A 10K 1 10K SHASHCAROD OPA2727 10K
~ DN nCLR =
36.5K R63 .
_ _ CT423 10K § R52
Y _NIVO AN g NIVD R69 10K
10K R49
7 14K RG1
1K 10K N/
DNI
Connect to line
before going to vial
Copper width to handle 10A
i Connect to line
i before going to via!
4
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4 B 6 7 8
VDR Sp0v cure
1
l 11
C174 C194 C183 VDD_5p0V
i Lo 3 L o.1uF CHANGED FROM OPA2727 to LM358D VDD 590V VDD 5p0V
6.3V :
o Due to ESD weakness of 0P2727 VDD_Spov
VDD 12v CAH 24 AUG 2016 014 R131
10K ~ R156 VDD_5p0V 2k
o BAV199LT1G oI -
VZ R198 R205 43A
VR iy i [DUSTL VAC ON PWM o AN AN o 22 DI To Motor From Motor R171 ZF vz8
2 . R249
10K 10K 10K lCl75 1 zz‘é‘. {DUST1_VAC_VOLTAGE_CONTROL [ DUST1_VAC VOLT CNTRL_SIGNAL 3 O 3 % 4 DNI
[
v 358D W NS —LC212 1K Z% ng 2 q @ . [ DUST1_VAC_FREQUENCY_ SENSE
LM358D 1uF IN+
C193 C189 C188 10K < 0.1uF - | =T wmvsa1
- - 100V 2.2nF
22nF 6.8nF 2.2nF o~
R233 :;
VDD_5p0V
10K \/ \/ ~
v v DNt R207
DNI AAAY R155 301K
30.1K R170
R206 10K Wy
10K
DNI
VDD_5p0V
N § R169 C204
10K 1ukF
C149 C151 165
—— 100uF =
6.3V 1uF 1uF <
20%
VDD_5p0V
C158 Cl64 l C159
— 22nF — 6.8nF 2.2nF
Cl44
1
11
VDD_5p0V
T 0.1uF
CHANGED FROM OPA2727 to LM358D VDD_5p0V VB B VDD_5p0V
Due to ESD weakness of OP2727
R194 VDD _12v R181
e CAH 24 AUG 2016 D17 Ry Al
R182 R151 Ri57 - BAV199LT1G 2K -
DNI DNI To Motor From Motor
[ DUST2 VAC_ON_PWM AN ANV JseA, R250 < DNI o 3 $ s el
lCl43 zz‘é‘. { DUST2 VAC_VOLTAGE_CONTROL [ DUST2 VAC VOLT CNTRL_SIGNAL Sh o o IN- 4 DNI ‘
LM358D a R1%5 10K 10K uF (M358D i MBR160HWTR L cas 1K ZE ngﬁs 1 @> : " DUST2_VAC_FREQUENCY_SENSE
10K & < 0.1uF = / LMV331
100V .2nF
N
R197
\ VDD_5p0V
10K \/ \/
DN R159 :;
ot 01k
: § R200 R192 301K
R158 10K
10K MV
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N § R199 lcms
10K T 1uF
.
07 - DUST VAC BLDC MOTOR CTRL.SchDoc
Rev Title
PROPRIETARY INFORMATION K
M17 LIGHTNING: SIDE SWEEP
[THE INFORMATION IN THIS DOCUMENT . Size:
IS PROPERTY OF TENNANT COMPANY.
IT IS SUBJECT TO RETURN UPON D INPUT/OUTPUT PROTECTION UPDATE
DEMAND AND MAY NOT BE _
REPRODUCED OR DISCLOSED TO Document Number Engineer
OTHERS WITHOUT WRITTEN Q25056-SCH A. SMITH
PERMISSION OF TENNANT COMPANY
Date:  6/10/2025 Sheet 7  of 10
1 2 3 4 B 6 7 8




VDD_5p0V
c112 c111 129
—— 100uF —
63V duby 1uF
20%
VDD_5p0V
c121 C120 lC128
- 22nF —— 6.8nF 2.2nF

DRY VAC CONTROL

C105
|1
11
VDD_5p0V 0.1uF
’ CHANGED FROM OPA2727 to LM358D RIDLEIY VDD._5p0V VDD_5pov
VoD 12y Due to ESD weakness of 0P2727
R121 B
SPARE 10K CAH 24 AUG 2016 D19 Ro18 VDD,_5p0v R208
o BAV199LTIG - 2K
R114 DNI  R92 R93 DNI To Motor From Motor
[ WRAP_VAC_ON_PWM AN AN : R251 2% DNI R229 5 ZJS 5
- 10K 10K Jflo a Py [ WRAP_VAC_VOLTAGE_CONTROL [WRAP_VAC VOLT_CNTRL_SIGNAL oM - : DNI
WYERT . - 209 P _LC214 1K Z\& ngz L ["WRAP_VAC_FREQUENCY_SENSE
10K u 0.1puF S
100V .2nF
R124 VDD_5p0V 7
10K
T 30.1K
AN
DNI
R95 § R228 R217 301K
R94 10K
% 10K Wy
DNI
v § R227 C186
10K T 1uF
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POWER SUPPLIES & CONNECTORS

12V oV

Need a bit more current than the linear can provide. Peaks of 2A.

u40 S u45 5 £

2 16 |.CBOOT1 2 16 CBOOT2
Secondary_Relay X—=— sD 9 BST 1 55nF L2 DNI VDD_12V »<—=— sb 2 BST 5 3 oRI VDD_5p0V
L - - v . 1 —— "y - T [ PRECHARGE 1N } v . 1 — "y
Vin- | mss7smHNops SW ATuH ERECH SRGERIN Vin- | mss7smHNoPs SW A7uH
CIN1 CIN2 0 | o PRE |15 c173 0 | o PRE |15 c201
1wk T 1wrF [CSSI 1~ 220uF 1 1 1 1 SS2 D21 =~ 220uF
100V 100V Jg 10nF 1 13 D18 50V =215 ——C216 ——C207 ——C208 Jg 10nF 1 13 s0v
vce IS 100V 100V 100V 100V vce IS
790V 4.7uF 4.7uF 0.1uF 0.1pF 790V
T CBYPL. 4 1 syne a o o our |- T CBYPZ. 4 1 gyne o o o out -2
1uF zZ =z = 1uF zZ =z =
8 = O O QO 6 8 - O © O 6
l— RAMPZ < & O FB RFB1 l— RAMPE < & O FB —
CRAMPL ~| of o w» U CRAMP2 ~| of o w» S
470pF CCOMPL | 11.20F RCOMP1 0 243K VvDD_12v VDD_12v 470pF ccomp2 vy
1 1 VDD_5p0V VDD_5p0V
1.2nF 24.3K =
RT1 RFB2 RT2 RFB3
10.7K 1K 10.7K 1K
ci60 | cie6 | ci187 | ci30 | c119 | cies

1uF WF=—= 1F WF=—— 1uF=——= 1uF C133 C177 C157 C156 C148
1uF 1uF —— 1uF —— 1uF —— 1uF

< | v v | o

Place 1 at top of board, 1 in middle and 1 at bottom 3 3V
: ; . 3V DNI DNI DNI .

VDD_3p3V
VDD_3p3V
VDD_5p0V VDD_3p3V VDD_3p3V T
Ull LM2937ES'3 3 NOPB Space these 100uF capacitors apart % 11
—|_ DNI 1 3 0.25 AP CAPABILITY DNI L0 G0 B8 L) —|_
J_ _T_c77 NRUT ST l l J_ l l JS Jf l ca | ca7| c9 | c22| cas| cz6| ca6| c30| cs | c40 c41l
CiB [a) [a) C78 C76 C74 C73 C32 C62 Ci11 C48 c21 55} 36 C56 1uF - - - - - - - - - -
1uF 0.1uF z z 100uF 100uF 100uF T

°© © fom 0AuF |O0.1uF | o0.1uF 63v 63v 6.3V o f 1F p.1uF 0.1uF
~ . 20% 20% 20%
Place thesg decoupling capacitors near noisy lines.
czgl

Cc2 C3 C13| C53| Ci10| C54

22nF = = T

Secondary_Relay 6

J3 Secondir_y_Relay C39| C12| C18| C34| C52 CSBl
6.8nF = et - - et

: J5 T T T T T
X DNI " T

— — — — — CAN H ;‘ ;
CAN_L q a -
N DNI |+ c11 |+ c203 _ |+ c192 |+ cn _|+ cir Iy i - 2 Place these decoupling capacitors near the Micro.
T~ T~ T~ 1 T~
820uF 63V | 820uF 63V o| 820uF 3V | 8ouFe3v [ 820uF 63V X
X DNI CON4 C33| C25| C17| C27| C42| C51| Ci15| C1 C23| C20| C50
MOLEX_MINI_FIT_SR_42820-2213 22nF == == == == - - - - -
\/ C1005X7R1H222K ‘I'
Secondary_Relay
R R R242 R247 R248
Resistor to discharge 49.9K 49.9K 49.9K
BULK Capacitors e % %
J4 DISCHARGE RESISTOR(S)
[ RIGHT SWEEP ACT LOADI HRIGHT SWEEP ACT LOAD 02 1
| RIGHT SWEEP ACT LOAD2 SRICHI SWEEP ACT LOAD? 10A 2
WRAP_VAC_VOLT_CNTRL_SIGNAL [/RAPVAC VOLT CNTRL SIGNAL - g M
DUST2_VAC_VOLT_CNTRL_SIGNAL {JST2 VAC VOLT CNTRL SIGNAL - &
DUST1_VAC_VOLT_CNTRL_SIGNAL {USTLVAC VOLT CNTRL SIGNAL - 2
WRAP_ENGAGE_SW _[RAP ENGAGE sw - g
FIRE INDICATOR  EIRE INDICATOR <1A 7
[WRAP_VAC VOLTAGE_CONTROL -ARAE_VAC VOLTAGE CONTROL 2 B
[ DUSTZ VAC VOLTAGE CONTROL RUSIZ VAC VOLTAGE CONTROL LA 9
[DUSTL VAC_VOLTAGE CONTROL “RUSILVAC VOLTAGE CONTROL <1A 10
[ LEFT SWEEP_ACT LOADL LEFT SWEEP ACT LOAD1 10A 11
[ LEFT SWEEP_ACT LOAD2 JLEET SWEEP ACT LOAD? ;ZA 12
[ PRECHARGE _IN | = ﬁ
SECONDARY_RELAY_COIL t = i
[ Curtis_Pull_Down =
RIGHT BRUSH LOAD _ RIGHT BRUSH LOAD 16
LEFT BRUSH LOAD LEFT BRUSH LOAD oA 17
‘ 5A 18 MT2
[ FLYBACK 9
<1A <50
D26
60V 39-29-1207 Mini Fit Jr. RA connector

SMAJB0CA-13-F
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PRECHARGE_IN _L _L _L _L c43
C209 €210 C205 c211 1l
0.1puF 0.1pF 100V 100V
100V 100V 47pF | 4TpF 0-LuF
{ VDD_3p3V
R22 SECONDARY_RELAY_COIL |
% 49.9K D2 Z#QCE BLOCKING DIODE
FNALELIAE CLOSE TO PREVENT i i .
— Zia o st BULK CAPS FRO R
h u Tow
AN 3 O VBATT_REF > POWERING SYSTEM D8 &‘?ﬁiﬁi tg .t—gdzggczuir!g?th?osgh the coil.
AFTER POWER OFF. Idea taken from Bob Pease.
Eé?sK 10K ZE GOES TO MICRO u7 L D24 [ PRECHARGE IN_}
] - DNI ®
% L | goor sw |8 oA . 2228 P [ Secondary Relay > FIYBACK. DIODE
2 7 5A 5A 8.2uH
D3 V4 VIN | [GND 8 B560C-13-H
§ TSE \x\ \ @52V 2.53V to micro 3] en |3 &ome L8 B560C-13-F R46 % N
SMAZ10 1W 10V ZENER @g?VS\ll .Z5\é350tmlcr0 4 oL S N 2X120 ohm 3Watt ~ 16V on Relay Coil at VBATT=52V (2.4WATTS) 0.150A 220 = 820uF 63V
. . 0 micro & ]
@ TPS54360 5A R38 2X120 ohm 3Watt ~ 11V on Relay Coil at VBATT=36V (1.2WATTS) 0.104A o~ POPULATE IF THERE ARE ISSUES
~ < 383K VDD_3p3V R36 % VDD_5p0V
1 R28
o oK R39 120 R30 187
@52V 10vVgs | NDS0605 % 49.9K D7 VDD_5p0v CURTIS DONE
@36V 9.3Vgs ) DN FB 0p8v BAV199LT1G VDD_5p0V
31 5V-8 1Vi @52-0V CURT'S_DONE=5V Setting Buck to 44V to charge [to. R43 ue [Te)
R17 @ © - gs @36 0OV CURTIS DONE=3.8V c68 Worse case senario is 52V Z/F
28.7K R16 - - - — When Buck gets to within ~80% pf VBATT 3 s Q3 C 1
75K @31.5V CURTIS_DONE=3.3V 6800pF Micro will then turn off Buck NV o PRECHARGE_VALUE R32 IRLML2060TRPBF 4 DNI R21
VDD_5p0V R40 VAN GOES TO MICRO 162 2
Lcea o § % e 10K » oD CLOSE_RELAY
, 39pF 7.15K 10K 1G08 HCT © R24 121 COMES FROM MICRO
R35 -
v D1 BAV199L'II?15G N VDD_5p0V 13K v LED1_G1 10K
S1MB R20
§ 10K Z/F § SEEEﬂA;EE DE-POPULATE IF THERE ARE ISSUES
CURTIS DONE. 3 oM DONE
D4 Z&
\x\ - - CLOSE_RELAY SHOULD BE LOW IF PRECHARGE ERRORS OUT
VDD_5p0V
R25 1G08_HCT - Q2
SMAZ10 1W 10V ZENER 10K BSS123-7-F 3| 1
s R41 ~
§ ~ ENABLE_PRECHARGE 162
= COMES FROM MICRO
= LED1 R1 v
3 START TIMER: W RED LED
If PRECHARGE is NOT N\ PRECHARGE VDD_5p0V
ready in 2 seconds. ERROR OUT LIGHTS IF PRECHARGE ERROR
ERRORS OUT VPD_3POV: - Rag A ALOK
WHEN CURTIS HAS CLOSED FIRST RELAY: WE BEGIN T
o Ui w
R48
Q4 CcC 1
BSS123-7-F E” 1 O A—2 K DNI Raz
h R47 K GND 2
10k 187 Y s i;;: 121 COMES FROM MICRO
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	NetC95_2
	Pins
	C95-2
	R68-2
	U15-15


	NetC98_2
	Pins
	C98-2
	Q8-G
	R79-2


	NetC99_1
	Pins
	C99-1
	U15-6


	NetC99_2
	Pins
	C99-2
	R85-2
	U15-7


	NetC102_1
	Pins
	C102-1
	R91-1


	NetR49_1
	Pins
	R49-1
	U12-7


	NetR49_2
	Pins
	R49-2
	R50-1
	U12-6


	NetR51_1
	Pins
	R51-1
	U12-5


	NetR51_2
	Pins
	R51-2
	R52-1
	R53-2


	NetR54_1
	Pins
	R54-1
	U14-16


	NetR55_1
	Pins
	R55-1
	U14-14


	NetR58_1
	Pins
	R58-1
	R61-1
	TP11-1
	U12-3


	NetR59_1
	Pins
	R59-1
	U14-2


	NetR60_1
	Pins
	R60-1
	U14-13


	NetR61_2
	Pins
	R61-2
	R64-1
	TP20-1
	U13-5
	U19-1


	NetR64_2
	Pins
	R64-2
	R65-2
	U13-4


	NetR66_1
	Pins
	R66-1
	U17-8


	NetR66_2
	Pins
	R66-2
	TP12-1
	U14-3


	NetR69_2
	Pins
	R69-2
	U15-11


	NetR70_2
	Pins
	R70-2
	U15-10


	NetR71_2
	Pins
	R71-2
	U15-9


	NetR72_1
	Pins
	R72-1
	TP14-1
	U16-13
	U19-4


	NetR73_1
	Pins
	R73-1
	U16-11


	NetR73_2
	Pins
	R73-2
	TP13-1
	U15-3


	NetR74_2
	Pins
	R74-2
	U16-9


	NetR75_2
	Pins
	R75-2
	U17-13


	NetR76_2
	Pins
	R76-2
	U17-12


	NetR77_1
	Pins
	R77-1
	U17-11


	NetR78_1
	Pins
	R78-1
	U14-7


	NetR79_1
	Pins
	R79-1
	U14-10


	NetR80_1
	Pins
	R80-1
	U16-8


	NetR80_2
	Pins
	R80-2
	TP16-1
	U17-2
	U17-4
	U17-5


	NetR81_1
	Pins
	R81-1
	U16-3


	NetR81_2
	Pins
	R81-2
	TP15-1
	U14-8


	NetR82_2
	Pins
	R82-2
	U16-2

	Ports
	NetR82_2


	NetR83_1
	Pins
	R83-1
	TP17-1
	U19-3


	NetR84_2
	Pins
	R84-2
	U15-1


	NetR86_2
	Pins
	R86-2
	U16-1


	NetR87_2
	Pins
	R87-2
	U16-4


	NetR88_1
	Pins
	R88-1
	U16-5

	Ports
	NetR88_1


	NetR89_1
	Pins
	R89-1
	U16-6


	NetR89_2
	Pins
	R89-2
	TP18-1
	U15-2
	U18-1


	NetR90_1
	Pins
	R90-1
	U17-3


	NetR90_2
	Pins
	R90-2
	TP19-1
	U14-4


	NetTP22_1
	Pins
	TP22-1
	U15-13
	U18-2

	Ports
	NetTP22_1


	NetU12_4
	Pins
	U12-4


	NetU12_8
	Pins
	U12-8


	NetU15_4
	Pins
	U15-4


	NetU15_5
	Pins
	U15-5


	NetU15_12
	Pins
	U15-12


	NetU16_10
	Pins
	U16-10

	Ports
	NetU16_10


	NetU16_12
	Pins
	U16-12

	Ports
	NetU16_12


	NetU17_1
	Pins
	U17-1
	U17-9
	U18-4


	NetU17_6
	Pins
	U17-6
	U17-10


	Secondary_Relay
	Pins
	C83-1
	C84-1
	Q5-D
	Q8-D
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	Pins
	C80-2
	C82-2
	C86-1
	C91-2
	C94-2
	C96-2
	C97-2
	C100-2
	C101-2
	R53-1
	R59-2
	R68-1
	R72-2
	R74-1
	R77-2
	R78-2
	R82-1
	R86-1
	R87-1
	U12-8
	U13-1
	U13-3
	U15-16
	U16-14
	U17-14
	U18-5
	U19-5


	VDD_12V
	Pins
	C81-2
	C92-2
	D9-A
	D10-A
	U14-12



	Ports
	nRESET
	RIGHT_SWEEP_ACT_CURRENT_SENSE
	RIGHT_SWEEP_ACT_DIR
	RIGHT_SWEEP_ACT_DISABLE
	RIGHT_SWEEP_ACT_LOAD1
	RIGHT_SWEEP_ACT_LOAD2
	RIGHT_SWEEP_ACT_PWM
	RIGHT_SWEEP_ACT_STATUS
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	C142-1
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	C149-2
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	C158-1
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	C168-1
	C174-2
	C175-1
	C183-1
	C188-1
	C189-1
	C193-1
	C194-1
	C204-1
	C212-2
	C213-2
	D14-1
	D17-1
	R158-1
	R169-1
	R195-2
	R196-2
	R199-1
	R206-1
	R231-2
	R232-2
	U28-2
	U35-4
	U36-2
	U43-4


	NetC142_2
	Pins
	C142-2
	D14-3
	R156-1
	R171-1
	U28-3


	NetC143_2
	Pins
	C143-2
	R157-1
	TP43-1
	U35-3


	NetC144_1
	Pins
	C144-1
	C213-1
	D29-K
	R159-2
	TP45-1

	Ports
	NetC144_1


	NetC144_2
	Pins
	C144-2
	R151-1
	R157-2


	NetC163_2
	Pins
	C163-2
	D17-3
	R193-1
	R201-1
	U36-3


	NetC168_2
	Pins
	C168-2
	R192-2
	R199-2
	R200-1
	TP58-1
	U36-1


	NetC175_2
	Pins
	C175-2
	R205-1
	TP63-1
	U43-3


	NetC176_1
	Pins
	C176-1
	C212-1
	D28-K
	R207-2
	TP65-1

	Ports
	NetC176_1


	NetC176_2
	Pins
	C176-2
	R198-1
	R205-2


	NetC204_2
	Pins
	C204-2
	R155-2
	R169-2
	R170-1
	TP42-1
	U28-1


	NetD28_A
	Pins
	D28-A
	R249-2


	NetD29_A
	Pins
	D29-A
	R250-2


	NetR131_1
	Pins
	R131-1
	R155-1
	TP35-1
	U28-4

	Ports
	NetR131_1


	NetR151_2
	Pins
	R151-2
	TP38-1

	Ports
	NetR151_2


	NetR158_2
	Pins
	R158-2
	R159-1
	TP44-1
	U35-2


	NetR171_2
	Pins
	R171-2

	Ports
	NetR171_2


	NetR181_1
	Pins
	R181-1
	R192-1
	TP49-1
	U36-4

	Ports
	NetR181_1


	NetR182_1
	Pins
	R182-1
	U35-5


	NetR182_2
	Pins
	R182-2
	R194-2
	R195-1


	NetR196_1
	Pins
	R196-1
	R197-2
	U35-6


	NetR197_1
	Pins
	R197-1
	U35-7


	NetR198_2
	Pins
	R198-2
	TP59-1

	Ports
	NetR198_2


	NetR201_2
	Pins
	R201-2

	Ports
	NetR201_2


	NetR206_2
	Pins
	R206-2
	R207-1
	TP64-1
	U43-2


	NetR223_1
	Pins
	R223-1
	U43-5


	NetR223_2
	Pins
	R223-2
	R230-2
	R231-1


	NetR232_1
	Pins
	R232-1
	R233-2
	U43-6


	NetR233_1
	Pins
	R233-1
	U43-7


	NetR249_1
	Pins
	R249-1
	U43-1


	NetR250_1
	Pins
	R250-1
	U35-1


	NetU35_4
	Pins
	U35-4


	NetU35_8
	Pins
	U35-8


	NetU43_4
	Pins
	U43-4


	NetU43_8
	Pins
	U43-8
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	Pins
	C149-1
	C151-2
	C158-2
	C159-2
	C164-2
	C165-2
	C174-1
	C183-2
	C188-2
	C189-2
	C193-2
	C194-2
	D14-2
	D17-2
	R131-2
	R156-2
	R170-2
	R181-2
	R193-2
	R194-1
	R200-2
	R230-1
	U28-5
	U36-5


	VDD_12V
	Pins
	U35-8
	U43-8



	Ports
	DUST1_VAC_FREQUENCY_SENSE
	DUST1_VAC_ON_PWM
	DUST1_VAC_VOLT_CNTRL_SIGNAL
	DUST1_VAC_VOLTAGE_CONTROL
	DUST2_VAC_FREQUENCY_SENSE
	DUST2_VAC_ON_PWM
	DUST2_VAC_VOLT_CNTRL_SIGNAL
	DUST2_VAC_VOLTAGE_CONTROL
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	U21-5
	U21-6
	U21-7
	U21-8

	U42
	U42-1
	U42-2
	U42-3
	U42-4
	U42-5


	Nets
	GND
	Pins
	C104-1
	C111-1
	C112-2
	C120-1
	C121-1
	C128-1
	C129-1
	C182-1
	C186-1
	C214-2
	D19-1
	R94-1
	R122-2
	R123-2
	R227-1
	U21-4
	U42-2


	NetC104_2
	Pins
	C104-2
	R93-1
	TP24-1
	U21-3


	NetC105_1
	Pins
	C105-1
	C214-1
	D29-K
	R95-2
	TP26-1

	Ports
	NetC105_1


	NetC105_2
	Pins
	C105-2
	R92-1
	R93-2


	NetC182_2
	Pins
	C182-2
	D19-3
	R218-1
	R229-1
	U42-3


	NetC186_2
	Pins
	C186-2
	R217-2
	R227-2
	R228-1
	TP67-1
	U42-1


	NetD29_A
	Pins
	D29-A
	R251-2


	NetR92_2
	Pins
	R92-2
	TP23-1

	Ports
	NetR92_2


	NetR94_2
	Pins
	R94-2
	R95-1
	TP25-1
	U21-2


	NetR114_1
	Pins
	R114-1
	U21-5


	NetR114_2
	Pins
	R114-2
	R121-2
	R122-1


	NetR123_1
	Pins
	R123-1
	R124-2
	U21-6


	NetR124_1
	Pins
	R124-1
	U21-7


	NetR208_1
	Pins
	R208-1
	R217-1
	TP62-1
	U42-4

	Ports
	NetR208_1


	NetR229_2
	Pins
	R229-2

	Ports
	NetR229_2


	NetR251_1
	Pins
	R251-1
	U21-1


	NetU21_4
	Pins
	U21-4


	NetU21_8
	Pins
	U21-8


	VDD_5p0V
	Pins
	C111-2
	C112-1
	C120-2
	C121-2
	C128-2
	C129-2
	D19-2
	R121-1
	R208-2
	R218-2
	R228-2
	U42-5


	VDD_12V
	Pins
	U21-8



	Ports
	WRAP_VAC_FREQUENCY_SENSE
	WRAP_VAC_ON_PWM
	WRAP_VAC_VOLT_CNTRL_SIGNAL
	WRAP_VAC_VOLTAGE_CONTROL
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