H1 FID1
MountingHole Fiducial
H3 FID2
MountingHole Fiducial
H4 FID3
MountingHole Fiducial
H5

MountingHole

FT25 V2 or FT26:
TSAL Sheet:

Powersupply

10

SDC_IN

| Relay Drivers
> SDC_Voltage

TSAL Logic

aux_in[0..1]

Daux_in[0..1]

aux_out[0..1]q
AIR+_Control(]

aux_out[0..1]
DAIR+_Control

AIR—_Control(]

DAIR-_Control

Precharge_Caontrol{
SDC_closed<]

McU File: relay_drivers.kicad_sch

SPI_Tranciever

IPBG
IMBG

IMAG
IPAG

File: pawersupply.kicad_sch
HV_Indicator

File: hv_indicator.kicad_sch

SDC_Latching

AMS_Errord

SDC_IN o

File: spi.kicad_sch

> SDC_Voltage

PDIPB
DIMB

D IMA
DIPA

AMS_Error

AMS_ERROR_LED

DAMS_ERROR_LED
DIMD_ERROR_LED

SDC_closed}
Precharge_Caontrol[}

AIR—_Contral
AIR+_Contral

D Precharge_Control

AIR+_Closed
AIR-_Closed

AIR+_Closed
AIR-_Closed

PRE_and_AIR+_opend]
HV_Active(

PRE_and_AIR+_open
HV_Active

TS_Errord

TS_Error TSAL_GREEN

SDC_Voltage

File: tsal_logic.kicad_sch

TSAL_GREEN(

TSAL_GREEN

LV_I_measure

LV_I_measure<]
TEMP_TSDCDCY

TEMP_TSDCDC

D IMD_Power

IMD_Power|

CarCAN_TXD}
CarCAN_RX

CAN_Transceiver

D CarCAN_TX
CarCAN_RX

CarCAN_HIGH
CarCAN_LOW

SWCLK_1

CarCAN_HIGH
CarCAN_LOW

File: can_transceiver.kicad_sch

SWCLK_1

SWDIO_1
NRST

SWDIO_1
NRST

IMD_M
IMD_0K{]

IMD_M
IMD_OK

File: mcu.kicad_sch

IMD_ERROR_LED!

IMD_0K{]

SDC_ouT

PSDC_OUT

Reset_Button_Outl

D Reset_Button_Out

Reset_Button_Ing

Reset_Button_In

File: sdc_latching.kicad_sch

- schaltung im Dischargefall (U14A) vereinfachen

— "Bel U5SB hast du ja schon PC_ctl OR AIR+_ctl, das
miisste man nur noch invertieren. Zum invertieren kdnnte

man auch einfach das ibrige ULB benutzen ( XOR(a,1) == NOT(a) ).

Aber besser natiirlich den Pull umdrehen und einfach zwei
“closed" Signale vergleichen. " — Oskar

File: io.kicad_sch
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R5

U218
10k 74HCS27
3
/_Connection_Error
PRE_State_Detection high if both open
000
PRE_and_AIR+_open PRE_and_AIR+_open ULA 01 1
1 JuHcss 10 1 if (SRort = 0) —> Short
110 => Fallure detected
+3V3 C6 => Signal is inverted and
100nF Error is Latched
File: pre_state_detection-kicad_sch ChN— o I@ ks
aux_out[0..1] G ) JLLCas08
awein(o.1] AIR+_State_Detection S GND Mismatch_AIR+_or_PRE
3UXOut0 fanux_out Short AR+_Control>-L{ 1A 5o 1v[6—5 high if
; o +_Contro
aux_in0 AuxcIn both closed UsA u21c
3 46 74HCS27
——DComp_Ref_Low Precharge_ControlD-42A ~72% 2Y JiLverosz Relay_Mismatch o
Comp_Ref_Closed ClosedDDAIR+Closed high if closed 3 High if Intentional and 3 10 8
File: air_state_detection.kicad_sch i Mechanical State mismatch 11
AIR—_State_Detection VS 87
aux_outl Ao Out GND mismatch between positive 100nF
auxcini Awcln Short e Mismatch AR and negative side
AIR-_Closed ~ o GND
- Comp_Ref_Low 9
D Comp_Ref_Closed Closed| 8 2 W oo
— — )) o g
File: air_state_detection.kicad_sch AR=_ControlD> 10 If HY Is not detected and v et
positive /precharge + negative AIR are
closed, an HV mismatch is detected (EV . THLVCLGT4 1k
4.10.13-14) 1 ‘5 2 TS_OK
100k PCig 3@
Comp_Ref_Low| [Comp_Ref_Closed | R8 02
7ALVUC57B032A 24 AIRs_Closed HV_Mismatch . 120 < LED_RED
74LVC2608 uto | s - 10
Precharge_ControlD—2 S 12 GND
oe pos_control 1 74HCBE + 10uF oNp 10UF GND
AlR+_Control 7 [
2
’7 ~
GND
HV_Active_Detecti Time Del oo <7
ctive_Detection ime Delay
UL4A to prevent M
[DHVActive 121a 74LVC2608 noise from
HV_Active ) triggering a fault Latch for TS_Error
74HCS27  HV_Inactive S Discharge of the Capacitor s = RC = 100k * 10UF —> Spannung bel 2,08V
1 1s = RC = 100k * 10uF HIGH input voltage ist min. 2V —> PoR fur 1s
File: hv_active_detection kicad_sch 2\ 2| HV inactive i no 2 —> Voltage at -1,2V ! Quick restarts —> capacitor may stay charged —> no PoR
3] TS Voltage s detected Active LOW input Voltage is 0.8V ~> DNP 1M resistor if needed
and no Relay is closed - —> Delay of 1-1.5s
e £V 4105 to prevent hv_mismatch
uring discharge
Green TSAL only on if all conditions in EV 4.10.3
4.10.13 and 4.10.14 are met
uz8
74LVC2608
TS.OK__5 3v3 Signal
TSAL_GREEN
HV_Inactive__6 =
R6
1k
D1
LED_GREEN
GND
TSAL_GREEN signal leads dashboard
and to the TSAL driver board Reference Voltages for AIR State Detection
+3v3 U1B 433 ysp
+3V3 +3V3
74HCB 74LVCT032A
4 12
6
5 R1 RS
10k 1k
GND GND Comp_Ref_Low ——C2  Comp_Ref_Closed —_
0.3v =T~ 100nF 2.72v =T 100nF
+3V3 o s
1k w7
J ] ]
3 3 3
o “l o ) a USE ® GND GND
< © < 4 S [74Lve70324 S
ULE -ct £ - C3 U210 - C5 ~ u7E —— C8 - C7 = u14C —— C11
74HCBE =T 100nF - =T 100nF  |74HCS27 =T 100nF | LM339LV  =T= 100nF =T 100nF o [ 74vec2c08 == 100nF
2 s 2 o a &
3 3 E Y
o u2c <
N 74LVC2608 N N
~
GND
i s Rev: Vi
.
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Wired Or for AMS Master Error +3V3
—_ AMS_NERROR R38 A
AWS Error o
120
30 NRST
;g; c19
100nF
GND GND
43 Debug Stecker
LED_150080M153000 +
i +3V3
Status_LED. R 1 +3V3 SWCLK_L_ 2 add esd While layouting make sure every VDD has a capacitor close to it
= 3% siehe slave 24 A 4303
Status LED-G___ 2L < SWOIOL & 5up Connector L 20 Lo Lo Lo L ocao Lo Lo
GND . TuF 100nF 1000F 1000F 1000F 100nF 10F
Status_LED_B 3 Trace_SWO 6 B
— < < GND
22 L s
1uF T T 100nF GND
car R42 Filter Signale von TS_DCDC of el | | R64
6pF 1QXC-42 0 Toiiml sl ol R62 120
Coooo < n
WE 830108178109 RCC_OSC_IN NRST T NRST  FSS883 Paopd TS_Error
R124 10k > PALF2——R66—420— | QHV_Active L
160 ﬁm—“ 800TO pa2fLo 4 —— QIMD_M
] RA1 LV measure - o Mo i MO0 spia_nss
gig 5{“ ]% o €31 2 PHo Pal ig R60 o SPI1_SCK
P RCC_OSC_IN =
GND | GND 47u 05t it PAS S R57 120, fa—
l RCC_OsC_ouT RCC_OSC_QuUT. 4| PA6 b3 120 <JAIR-_Closed
I o »24pn2 PATEE [} —— QAR+ Closed
GND - pag [ DPrecharge_Control
TEMP_DCDC 8 PCO PAg 41 INTR1
oNp T Lalea pAlOPZ — WAKEL
R141 Status_LED_B RS5 10505 pare i3 R4S AMS_NERROR .
R134 R63
Crystal: WE 830108178109  6pF = Cit = Cl2 = 2(CL = Cs) = 2%(8pF — 5pF) 330 upbeoe SP‘lMOS‘m pes v - SPI2_SCK
grob gerechnet. +—1pF wird passen TEMP_TSDCDC - MSTR1, R135 PL: EPOR paL3[r2 e ! SWDID_1 SDC_Voltage
From crystal datasheet: €53 MSTR2 49 1 ’ -
CL = EpyF From AN2867: 470 PC5 PA14 o {1} Status DG SWCLK_1
€5 5pF (see link) CL=Cu* Cl2 / (Cu + CL2) + Cs AlR+_Control PC6 VL] = —— ey B
AIR-_Control PC7 120 R&9
7HLVC7032A 39pcg PBO2E 1k PRE_and_AIR+_open
https:/, com, 17891 /stray far—crystal GND TSAL_GREEN 8 ipcio pe1 2L SDC_closed
§ pC1L PB2 ;: et TraceSwg D MD-Pover
race
TS—OFF additionally via CAN to SensorNode & PCi2 PB3 - ~
Dashboard —> OR-Gate to prevent software 2pci3 pp4 26 R52 SPI1_MISO 10k BZXB4-ALV3 L
change of TSAL GREEN GND  don't use PC13,14,15 !!x% PCL4 PB5 2; fNPT‘;;MOS‘
Cc26 X PC15 PBE GND GND
+3V3
2.20F N PR7pS VA2
nx Q% Ii Veap PB8 ACarCAN_RX
a. 2R=2 l—‘“"VCAP ppg[62 CarCAN_TX
Ca |[doddd ™ pB10[22 B33 QM
== ocooav c28 33 & SPI2_NSS
3z |5E5GE 2.20F R 78 R4 AVEERRORIED
MSTR = 1 oD - PB13 22 SPiaeg—AMS ERRORLED
VDD input range 3.0-5.5V fiir Microcontroller Mode PB4 34&—5 SR
< PB15 )
+3V3 +3V3 § g R46
@~ 0| ] <] f BT 1k
12 Jvpp CEBIBSSSE  woos2 l/]\ N ngrvzwszwAzwc
558
<= o =un
23 13 Jvp 252 PaaE w32 wKE
1u IMAD——20 1M INTR2 LMSTRZ
1PAD——21p c2 MsTR2[-25 GND
9 1GND_1 ADBMS6822WCCSZ TS229 SPI2.NSS
GND 14 1puapoL N scka(28 P 2SCK
15 fpro 3 2 poci2| 2L — 12 MDS) .
b }16 Ixcvrmp ~ e P\cuzggi !
NS S
R136 $2=a233&R &>
20k/0 37
<~ 2SRRI GND
GND
R137  Standard Bidirectional isoSPI (with LPCM Timeout
20k/0  Monitor Support —> 20k resistor to gnd)
3
SPI Tranciever
fl
1 H Rev: Vi
.
Title: Microcontroller Dote: 2035-03-09
Project: Master_FT25 Exp. Date: 2025-04-27
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https://electronics.stackexchange.com/questions/17891/stray-capacitance-for-crystals

+3V3 +24V  PWR_FLAG

1 1 7

PWR_FLAG PWR_FLAG  GND

Power supply frpm PDU +24V U3 +3V3
always on signal T WE 173010342 T
. 3y vol? .
2 43
R142 & R1
10k —t— C16 = JL C55 1k

Tr 10u Tr 10u

D37 D36
LED_GREEN
§ § LED_GREEN

GND GND GND

: Rev: V1
Title: Powersupply Date: 2025-0309
Project: Master_FT25 Exp. Date: 2025-04-27
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D17

ISDC_Relay

VSSAF512
SDC_VoltageD: =
R71 R72 i D19 R78
120 120 VSSAF512 22k
Cap keeps Relays temporarily closed to bridge power
disruptions and allow for a soft—shutdown of the
relays, preventing high—voltage inductive spikes in the motors.
Calculate Cap-value with: 6snC D22
C=t/(Rcoil*In(Vee/Vdropout)) + Cc36 N LED_GREEN
With the current values, Relais will remain closed 2.2m N
for 250ms after Vcc has been disrupted. :
GND
GND
max 500mA to AIR
siehe: https://www.te.com/commerce/Document
Delivery/DDEController?Action=showdoc&Docld=
Data+Sheet%7FECK100B_Datasheet%7F3%7Fpdf%7
FEnglish%7FENG_DS_ECK100B_Datasheet_3.pdf%7F2071583 -4
R70 R75 R79
22k D18 22k D21 SDC_closed 22k D24
5 PMEG3015E) 6 PMEG3015E) Precharge Relay Dﬂﬁe( PMEG3015E)
POS_AIR D16 NEG_AIR D20 SDC_closedd] D23
aux,\r;g 1 3 2 § LED_GRE§N aux,wr& LED_GREEN SDC_bufd § LED_GREEN
aux_o 3 4 aux_o GND_Coil
=i +3V3 File: pre_relay_driver.kicad_sch
Relay_2] Relay_&4
aux_in[0..1]<
aux_out[0..1]D>
R68
120 M) Q3
1 Q1 Q2 Precharge_Cantrol
AIR+_Contral DMN61D8LQ _ DMN61D8LQ DMN61D8LQ
R69 |
10k
GND GND

The MOSFETs act as a low-side switch for the
Power—relais used. The diodes protect the
MOSFETs from inductive voltage spikes

caused by the Relais—coils when powered off.
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HV Indicator nicht verdndert, wie FT24

HV-_Vehicle_Side

R103
680k
4Loov

R104
680k
4Loov

J_ Cub

1uF
600V
ENABLE

R105 cug

33k T 100nF

The Enable threshold of the LT8315 is 1.22V
with the given resistor divider the following threshold voltage can be calculated:
1.22v*(1360k0Ohm + 33kOhm)/33k0hm = 51.5V
Considering the hysteresis of 65mV mentioned in the datasheet,
the following are the maximum turn—on/off levels:

turn—on:
turn—off:

The connections go directly to the vehicle side contacts of the AIR+ and AIR—

54.2V
48.7V

Circuit
for 50

according to LT8315 (datasheet example

PVin flyback converter|with isolated 12V output. FT24: 270 (possibly)

figure out how bright LED has to be

D31 R116
CMMR1U-04 t.b.d.

T
SUQM\DA,PSiS—iQE

12V LED, pannel mounted

D28 R109 - n
CMMRLU-04 20k HV—_Vehicle_Side 2.0 11
1 1 HV_Indicator
R107 c49 |:| R112 10 D32
200 47pF 88.7k 029 § LED_GREEN
SolderJumper_3_Open SMAJ75A 3 : :
vi o g customised Connected to an external red LED mounted to the container
JP2 2 17 n = 12
=
ES:F T Evuvios g B RI1L RiLs D30 R114
pu— k
25V ENABLE__ ’—i INTVee Tcfid - CMMR1U-08 0
>—H 18sMoDE o Drainfd
N
cu5 13 g 9 s _ GND
10uF Ve & z SOURCE
J] [e]
HV—_Vehicle_Side 25V = A u20
LT8315
R106 R108 R110 — C50
110k 88.7k 390m =T 330nF
c47
22nF T
HV-_Vehicle_Side 0
2 H H Rev: V1
Title: HV Indicator Driver Dete: 2025-03-09
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1 2
A
+3V3
€37 el
100nF
GNDl u1s FaSTTUBe standard: CDSOT23-T24CAND3
SN65HVD231
+3V3 _ T CarCAN_HIGH
1 mu 38 C40 pe1 3
3V3 fiir SN65HVD234 (EN on pin 5) o  CUANIXD——D o 7 220p 470 oo
JP1 5 CarCAN_RXG—S R CANH ? Vref 3 D25
otherwise unconnected SolderJumper.3_Open 5] Vref o CANL > < 19 T I & &7 CDSOT23-T24CAND3
" 280 S GND 220p GND B
Vret if SN65HVD23[01] (Vref on pin 5 . )
re [01] ( pin 5) Vee 10k A t x CarCAN_LOW
GND GND
: : Rev: V1
Title: CAN Transciever D675 G505
Project: Master_FT25 Exp. Date: 2025-04-27
Author: Lene Marquardt

Size: A5 | Page: 11/15
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+3V3

Start of Shutdown Circuit

+24V
U17A
74LVC2G08
R95 AMS_Error 1
R N —
1?3 2k 7 AMS_Latch_Reset
uis Reset_Signal 2
R87 LE[D)ZF?ED . PVG612AS .
1k - SDC_IN
» }: i5Els 1
2 E¥la__| U178
U16A RO1 74LVC2G08
AMS Low on Error ol MC140138D GND 1k ™) IMD_Error 5
AMS_Error il 5lp v gL Q6 3 IMD_Latch_Reset
3 120 DMN61D8LQ Reset_Signal__ 6
AMS_Error| 1 Qs PC =2 [
- DMN61DELQ x Q AMS_ERROR_LED
o
?gg M AMS_ERROR_LED goes to Dashboard
via CAN
AMS_Latch_Reset
GND Reset Gate
GND GND Prevents @ and Q to be High
H at the same Time when attempting to reset
AMS |Latching PN
28V +3V3 +3V3
+3V3
R96
2k
R88 b27 u19 |:| ‘fgg
R84 1k LED_RED . PVG612AS .
1k 77 o
_ 1535 R99
2}* =81 DsDhC_ouT Reset_Button_Outq——— 0 R102
OKHs Pin from Bender u16s Reset_Button_InD- 100k
IR155-3204 °°| MC140138BD GND - - R
—— 9 « 13 R90 Q7 DMN61D8LQ
MD_Error " ¢ 120 DMN61D8LQ as {@
1 Q5 3 12 VMH EBROR TED N
IMD_OK DMN61D8LQ x Q IMD_ERROR_LED
=]
h R86 ™ TMD_ERROR_LED goes to Dashboard 08 gng
via CAN 9
120 IMD_Latch_Reset GND GND 10k
i Reset_Signal
oNo oNo IMD Latching oND GND
Reset Signal
+3V3 The POR on the right should also work as a pulldown for
the button after POR. If it doesn’t, remove R99 and place
L 4 8.
iy
— ©|
(=]
s S
— C41 U16C — C42 > u17¢
=T 100nF MC14013BDG ==t 100nF =] 74LVC2G08
« ]
wv
>
o
bl
<
GND
. . H i Rev: V1
Title: SDC Latching Circuit Dete: 2025-03-09
Project: Master_FT25 Exp. Date: 2025-04-27
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1 2 3
" IMD Supply
FBL  youv
R119 LV_Connector /7 +24Y
0 Reset_Button_OutD 1 i /[\ 1C0502
CarCAN_HIGHS , , 3 <+ —HSDC_IN n
CarCAN_LOW C_} =3 5L 36 gspc_out I_0
TSAL GREENG—Y3— 7L 48 5 opc voltage “SDC_AIR_End"
R120 9 10 D Reset_Button_In IC1
0 < - GND | BTT62001ENAXUMA1L
GND TSAL_Green = TS_OFF R26 R
10k >
;iot F5 +24Y IMD_Power —2 1IN ouT_3 -8 IMD_vCC
s un 5 CCO6FA500MA—TR 21 DEN ouT_2 L
3 4 = rR123 %—Is ouT_1}-6
- $ o7 Lok NC 2
+3v3éJ SHUNT "—_|
GND o R125 C56
SHUNT: z 47k 10n
IVT—S—300—U3—1—CAN1-12/24
max. 80mA o
Datasheet GND
https://www.isabellenhuetteusa.com/wp—content/ H
uploads/2022/07/Datasheet—IVT—S-V1.03.pdf Ma'" ConnECtor GND
+3V3
MD ~ Datasheet IMD Connector w
https://www.bender.de/fileadmin/content/ 8} 5
Products/d/e/IR155-32xx—V004_D00115_D_XXEN.pdf S| 4+=——oLv_I_measure
S| 43— o TEMP_TSDCDC
Rk E T
max. 150mA GND
IMD_VCC | +3V3
GND 21 )4
IMD_0KG—g — 2 IMD TSDCDC Connector
4k7  IMD_M v
R20 7% D13 R21 4k7  R43 s *
R BZX8L—A3V3 o1L R40 2.2k
| BZX8L4-A3V3  +24V =4 ;—oswcuu
0
[§)
< 1 e Z—OSWDIO_l G"?D
GND GND 1P3 3 ONRST
IMD_HSLS  GND L33

With VBAT = 10..14V, we get IR = 1.4..2.3mA.
This should™ put the Zener at ~3V.

Connect to GND for —3204
Connect to +24V for —3203

Debug Connector
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2 3
R67
% DLW43SH101XK4L
R122 FL1
1 |
o = e :'_|_2WJN u
03 . 2 112
R;(1)7 ad R127 3 vl 1 isoSPI_A
g 15 [
IMAD 1 ’ . = -
= FL4
R118 | | Ri21 = EqMIT-41§0
43 43 Q?X
a
C34 35 S
330
ST T 3 oo |
100n
GND GND
R128
> DLW43SH101XK2L
FL2
IPBD 1 R =
I o 15
e 2 il NLom 5
%? . J13
R;gg B4 R133 3 ey 1L [isospi_B
g 15 [
IMBD 1 ’ . = -
£ FL3
R130 | | R131 = EqMIT-41§0
43 43 Q?X
a
c59 C60 §
330
i T 30 cw | 3
100n
GND GND
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‘ S 10 +3V3  C15
R15 10uF
70 18024215401H T
— o 3V3.TS=Side 16|| oyl Iyceq 4 : h
05 7 cis L 13 6Np2! lGND1 |2 .
LED_GREEN 1uF T J: Ll J7
[HV—_Vehicle_Side 2 ¢ OlseL |1 N [HEx
I GND
13 ﬁ ouTAl<l INA %
. . ) ) Il
Detects if Voltage > 54V is present on Vehicle Side 1uF SF: [ FWRONTRS Fo
[HV—_Vehicle_Side = ” 3V3_TS-Side 10Np '>loutD 6 DHV_Active
LittleFuse 485_1A X
e 600VDC | | r16
10k ©
ﬁJ7 D3 3\+ u9
HV+_Vehicle_Side CMMR1U—08 2 4MCP6561-0T
b
0.38v_ 4| |
>
|
(a\]
R17
al | 470
o
o
[aV]
~i
R18 R19
820 470
60V —> 0.44V
50V —> 0.365V
D4
BZX84—-AFV3 Y o6
9 LED GREEN
115 =% —
HV—_Vehicle_Side | 92— F2
LittleFuse 485_1A
600VDC
[ HV—_Vehicle_Side
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Accumulator TSAL — Relay state detection

u7c
LM339LV
14[3
. >13 DShort
Comp_Ref_LowD————
0.3V
+3V3
+3V3
R30 R31
R27 1k 1k
120
Aux_Outd 4 u7D
Closed: 2.94V R28 LM339LV D8
Open: 1.56V 1k LED_GREEN X
Aux_InD E 9 + N
R29 >4 — o DClosed
1k Comp_Ref_ClosedD—21~
2.72V
GND
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Accumulator TSAL — Relay state detection

U7A
LM339LV
54
, >2 DShort
Comp_Ref_LowD————
0.3V
+3V3
+3V3
R35 R36
R32 1k 1k
120
Aux_Outd 4 u7B
Closed: 2.94V R33 LM339LV D9
Open: 1.56V 1k LED_GREEN X
Aux_InD E 1, N
R34 >1 — o DClosed
1k Comp_Ref_ClosedD—24~
2.72V
GND
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A
opto diode current:
@ maximum TS Voltage 403V = 4,27 mA
Lv @ minimum TS Voltage 240V = 2,55 mA I S
+3V3
red if AIR+ and / or PC closed Ef“ Egi R22 R25 D7
L7k 47k 1N5396-E3/54 output precharge relay
D38 ] 3 I a
LED_RED u13
2 WL_OCPT
PRE_and_AIR+_open<d o o 4 # 1
3 2 (— %= J9
<L F3 —=f | HV—_Akku
LittleFuse 485_1A
GND 600VDC
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TS—LV isolation via relay pn distance (10.16mm)

"Regarding your questions about our testing process, we
perform high voltage tests at 5.5 kV DC/AC Peak

K2 (switch—to—switch and switch—to—coil) for the
104—1—-A-24 /5D 104-1-A-24/5D relay."
_ — Ahmet Turan (Assistant Reed Relay Product Manager)
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