Car 313, 01.05, Rev. 1 TSAL Schematic FasTTUuBe

1 TS Error Latching

See: [AMS Master - TSAL Logic|

Once the state of TS Error is reached for more then 1s (to prevent noise from causing an error), the latch
U8 (74LVC1GT4) will be triggered.[I] This cannot be reset, unless a LVS power cycle is carried out. The backup
pull-down resistor R9 is for discharging the capacitor, it can be placed if the CLR pin does not discharge fast
enough.

1.1 IMD Latching
See: [AMS Master - SDC Latching]

The IMD_OK signal is pulled high approximately 1.5 seconds after startup for the IR155-3204 IMD. [3]
Therefore the Power-on Reset (PoR) lasts approximately 2 seconds.

1.2 AMS Latching
See: [AMS Master - SDC Latching]

The AMS_OK signal is pulled low until the following conditions are met:

e The AMS Master successfully communicates with all six AMS Slaves, each providing valid voltage and
temperature measurements.

e The AMS Master successfully communicates with the shunt sensor (IVT-S-300-U3-I-CAN2-12/24)[2]

0.13mm? unshielded - RS PRO 8724476, 2A

,,,,,,,,,,,,,,, AMS Master
TR155-3204 1 IVT-S-300-U3-I-CAN2-24

. IMD_OK ' CAN

IMD 1 > —! SHUNT
' |[DC Tatching Circuit ! AMS Slave 1
| [ atching Circuit| IMD.OK SHUNT : S Slave
| AMS_OK | !
: ' SPIA
| Microcontroller]|, | | AMS Slave 6
; . SPIB

2 SCS signal implementation

2.1 Relay states
See: [AMS Master - AIR Relay State Detection|

The relay state is measured through a set of voltage dividers and window comparator circuits. The Closed
signal is used for the state detection logic. When the aux connection is open, it is the same as the —Closed
state, which will keep the green TSAL off. The ”short to ground” state can be ruled out by the comparator by
comparing the signal with the 0.3V reference.

See: [AMS Master - Precharge State Detection|

Since we do not have aux connections with our precharge relay, the circuit works differently then the AIRs.
Here, the TS voltage on the inverter side is measured to check whether the precharge or AIR+ is closed or not.
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Car 313, 01.05, Rev. 1 TSAL Schematic FasTTUuBe

This signal is then compared with the AIR+ and precharge control signal to check if a mismatch is present.
The rule T11.9.2 does not apply here since no additional wires are used (all circuits are integrated on the PCB.)

2.2 TS_Off / TSAL Green
See: [Discharge Circuit|

The TS_0ff signal (also labeled as TSAL_Green in the schematics) is transmitted to the TSAL system via
a dedicated wire connection. If this wire becomes disconnected, the pull-down resistor R16 ensures that the
constant current driver (IS32LT3178) is disabled, preventing unintended LED activation.[5]

See: [Dashboard]

The TS_0ff, AMS Error, and IMD_Error LEDs on the dashboard are controlled by a microcontroller. In its
default state (i.e., after a reset or communication failure), the TS_.0ff LED remains off, while the AMS_Error
and IMD _Error LEDs are turned on due to the inclusion of an additional NOT gate.

All three status signals are transmitted via the CAN bus every 50 ms. If the dashboard does not receive a
valid CAN message from the AMS Master within 150 ms, it will enter a timeout condition and revert to the
default LED states. Due to the CAN protocol’s built-in checksum mechanism, this timeout condition will also
occur in cases of persistent data corruption.

Reference
[1] 74LVC1G74 Datasheet. www.ti.com, 09.2021
[2] IVT-S-800-U3-1-CAN2-12/2/ Datasheet. www.isabellenhuetteusa.com, 06.2022
[3] IR155-3204 Datasheet. www.bender.de, 06.2024
[4] RS PRO 8724476 Datasheet. media.distrelec.com
[6] IS32LTS3178 Datasheet. lumissil.com 06.2024
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1 2 [ 3 [ 4
" . IMD Supply
R119 LV_Connector /7 2uy +24V
0 Reset_Button_QutD 1 i /[\ 1C0502
CarCAN_HIGH , , 3 S+ —HSDC_IN n
CarCAN_LOW C_} =3 3 =%—CISDC_OUT I_0
TSAL_GREEND—2— L L L8 5 5pC_Voltage "SDC_AIR_End”
R120 9 10 DReset_Button_In GND IC1
0 < | BTT62001ENAXUMAL
GND TSAL_Green = TS_OFF R26 >
10k >
;ﬁot F5 +24V IMD_Power —2—{IN out 3-8 IMb_vcc
s un 5 CCO6FA500MA-TR | z3+ DEN ouT_2 Z
3 4 — R123 X——IS oUT_1
- $ ~ 10k NC 2«
+3v3@ SHUNT cia5 "j
GND o C56
SHUNT: = 47k 10n
IVT=5-300-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 A
https://www.bender.de/fileadmin/content/ 8} 5
Products/d/e/IR155—32xx—V004_D00115_D_XXEN.pdf S| 4+=——oLv_I_measure
.9 =2—DTEMP_TSDCDC
i ﬁ7
max. 150mA GND
IMD_VCC i +3V3
GND 21 )4
MD_0xa— — 3] | IMD TSDCDC Connector
4k7  IMD_M b1 s
R20 7% D13 R21 4k7  R43 < +
R BZX8L—A3V3 " R&O 2.2k
| BZX84—AZV3  +24V =4 ;—OSWCLK_l
0
[§)
< 1 = 42—oswoiot c?r?o
GND GND P3 3 ONRST
IMD_HSLS  GND 33

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

FasST T ruBe

Title: Input/Output

Rev: V1

Date: 2025-03-09

Project: Master_FT25

Exp. Date: 2025-05-01

Author: Lene Marquardt

Size: A5 | Page: 13/15
|

3




[ 2 [ 3 | 4 | 5 | 6
Start of Shutdown Circuit
+3V3 +24V
U17A
74LVC2608 A
R95 AMS_OK 1
Fi2k83 2k 7 AMS_Latch_Reset
u1s Reset_Signal 2
R87 LE32§ED s PVG612AS .
1k - —T—( SDC_IN
7 }z: '? 5
2| 77 e ] 178
U16A R91 74LVC2608 L
AMS Low on Error o MC14013BD GND 1k . IMD_OK__ 5
AMS_OK n 5 DY Qq 1 R89 Q6 3 IMD_Latch_Reset
3 120 DMN61D8LQ Reset_Signal__ 6
AMS_OK 1 Q4 PC = T EBEAE ER SDC
- DMN61DLQ o« 02 AMS_ERROR_LED §
|
R85 N AMS_ERROR_LED goes to Dashboard
120 s . via CAN
_Latch_Reset
GND Reset Gate .
GND GND Prevents Q and Q to be High
B at the same Time when attempting to reset
AMS |Latching e prne
24V +3V3 +3V3
+3V3
R96
2k
R97 ml
R8s D27 u19 |:| 120
LED_RED PVG612AS
R84 1k 5
1k N 1 Efle
2}* =1 DSDCouT Reset_Button_Outgdq——— ?égf
OKHs Pin from Bender u1es Reset_Button_InD>
IR155-3204 °°| MC14013BD GND
9 w 13 R90 Q7
IMD_OK - 11; Q 120 DMN61D8LQ
1 Q5 5 12 T EBBOE TER [«
IMD_OK DMN61D8LQ « 9 IMD_ERROR_LED
I 2 . C43
R86 IMD_ERROR_LED goes to Dashboard R98 200F
120 via CAN GND GND )
IMD_Latch_Reset 10k
<L Reset_Signal
GNP eNp IMD Latching GND GND
Reset Signal =
+3V3 The POR on the right should also work as a pulldown for
4\ the button after POR. If it doesn’t, remove R99 and place
8.
4
~L |
(=)
s S
C41 uiec — C42 > u17¢
100nF MC14013BDG ==t 100nF =) 74LVC2G08
A 5 D
w
>
=
Bl
K .
FaAaSTTruBe
s . Rev: Vi
Title: SDC Latching Dot 567555
Project: Master_FT25 Exp. Date: 2025-05-01
Author: Lene Marquardt Size: A4 ‘ Page: 12/15
1 | 2 | 3 | L T 5 6



1 2 3 5 6 7 8
3V3
Wired Or for AMS Master Error *
AMS_QOK R38
AMS_QK: 10k
120
R39 NRST
e c19
I 100nF
GND GND
s Debug Stecker
LED_150080M153000 +
i +3V3
Status_LED_R 1 R’ﬁ +3V3 SWCLK_1_ 2 esd While layouting make sure every VDD has a capacitor close to it
55 s siehe slave 24 N +3v3
Status_LED.G, Zd@ 4 0 SWDIOL & oun o ector Lo L Lo Lo Lo L Lo
GND  NRST__5 ST 476 T 1000F T 1000 T~ 100nF T~ 1000 100nF 1uF
Status_LED_B A Trace_SWO__6 1
Ea — < < GND
c22 €25
1uF T T 100nF GND
€7 R42 Filter Signale von TS_DCDC ol el ool | Ré4
6pF 1QXC-42 0 il <] ol o R62 120
7 Coooo < ha
WE 830108178109 RCC_OSC_IN NRST. R NRST jgg 22525 PAD M4H—:|—QTS,Errgr
R124 10k 60 > PAL rﬁ&G—l—ZS—D—GHVA:tWE
160 <7—|:l— BOOTO PA2 4 o] <QIMD_M
o R41 LV measure L. GND pas[LZ IMD_OK
ci8 [ - 5 R0 R48 SPI1_NSS
E DNP 31 PHO PAL i
6PF N | eND P Rccoscon_ | eloy e g; =58 5 -
| | RCC_0SC_OUT RCC_0SC_OUT 54 Pas P2 130 |_',.1.ZJ.| QAIR-_Closed
PD2 PATEE—  }—————————CAIR+_Closed
(') .
GND pAg [0 Precharge_Control
TEMP_DCDC 8lpco pao L INTRL
ene T L2fect patofl — WAKEL
R141 Status_LED_B R55 10fiees par1 3 R4s AMS_aK
RI34 R63
grob gerechnet, +—1pF wird passen TEMP_TSDCDC - MSTRL R135 2M ey pA13[E 1L 1 SWDIO_1 SDC_Voltage
From crystal datasheet: €53 MSTR2 25l pcs pALy [ 1 SWCLK_L
CL = 8pF From AN2867: 47u 37 5o — Status_LED_G -
Cs = 5pF (see link) CL=Cu *Ci2 / (Cut + C2) + Cs A‘RtCOHffow—m PC6 PALS Py
AIR-_Control 34°¢7 bs 120 Ri"kg
74LVCT032A PCY pBORS—{ }—2 — PRE_and AIR+_open
https:/, com 17891 /stray £ ystal GND TSAL_GREEN 8 é PC10 pa1Pl SDC_closed
PC11 DIMD_Power
R144 D12
TS-OFF additionally via CAN to SensorNode & 2pc12 i or KBl ALS
Dashboard —> OR—Gate to prevent software x2{pci3 !
change of TSAL GREEN GND  don't use PC13.1415 !!x% PC14 \SNPT‘éEMOS‘
+3V3 gzzaw xHpcis WAKED GND  GND
ux23 liig VCAP QCarCAN_RX
s 2 b“‘ =5 l— VCAP be s DCarCAN_TX
o |ddddE PB10 TMD_ERROR_LED
St ziaab c28 g B SPI2_NSS
) 2.2uF pa13PY R4 <JAMS_ERROR_LED
Fir Mierocontrolier Mode o B3 SPI2_MISD
VDD input range 3.0-5.5V Status_LED_R
+3V3 +3V3
| [0 1] | | ]
12 lvpp YEBIBEZSE  woos2 —/]30 AKES STM32H7AZRITE
c23 == V) =9 gz ¢ WAKE2 L‘NTRZ
1u iMAD——20 4 1m INTR2 LMSTRZ
iPAD——21p c2 MsTR2f-25 GND
9 fGNp_1 ADBMS6B22WCCSZ Ts2f22 SPI2.NSS
GND 14 fpyppoL N scka(28SPISCK
e ) 5 B RoctZ 2775?\2]05\
b 116 {xcvrMD N Ve picoz |26 SPI2!
ISR S gpf33
R136 2222352
20k/0
~ +3v3 ] RIS S[RIR[& GND
GND 2
R137  Standard Bidirectional isoSPI (with LPCM Timeout
2z 20k/0  Monitor Support —> 20k resistor to gnd)
GND GND
SPI Tranciever
. i} Rev: V1
Title: Microcontroller e
Project: Master_FT25 Exp. Date: 2025-05-01
Author: Lene Marquardt Size: A3 | Page: 7/15
T 2 3 7 T




1 | 2 | 3 4 | 5 | 6
)
D17 &
VSSAF512 J
[=3
SDC_VoltageD: =h =
R71 R72 7 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: ospe D22
C=t/(Rcoil*In(Vcc/Vdropout)) + c36 § LED_GREEN
With the current values, Relais will remain closed 2.2m
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
J5 2 PMEG3045EJ )6 PMEG3045EJ Precharge Relay Driver PMEG3045E)
POS_AIR D16 NEG_AIR D20 SDC_closedd] D23
aux_in0 1 2 § LED_GRE@N aux,‘mi LED_GREEN SDC_bufd § LED_GREEN
aux_oyt0 4 aux_oyt GND_Coil
+3V3 File: pre_relay_driver.kicad_sch
Relay_2| Relay_4
aux_in[0..1] G
aux_out[0..1]D-
R68
120 al Q3
1 Qi Q2 Precharge_Control
AIR+_Controll DMN61D8LQ _ DMN61DSLQ DMN61D8LQ
R69 ~
10k
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.
® e Rev: Vi
Title: Relay Drivers Date: 20250305
Project: Master_FT25 Exp. Date: 2025-05-01
Author: Lene Marquardt Size: A4 ‘ Page: 9/15
3 A I I 6




TS—LV isolation via relay pn distance (10.16mm)

"Regarding your questions about our testing process, we
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Accumulator TSAL — Relay state detection
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The warning LEDs will turn on, when there is GND GND
no input Signal or when the cabel for the Signal
is shorted to ground or disconnected.
Initially the LEDs for the AMS and the IMD will turn on,
to show the functionallity of these.
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Timer sequence ~2s to light up the LEDs at the beginning
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