Appendix A:

Schematics
ECE 492 - Spring 2016

Full System Schematic
GLV Power/SCADA/Safety
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Accumulator
Accumulator Wiring Diagram
PacMan Schematic
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POWER ELECTRONICS

**DC—-DC Switching Power Regulation**

5V and 3.3V outputs are isalated from High Voltage,

but not each other

Isolated Power Supply

SDADY
SCLDGy
power.sch
FTDI USB UART
FTDI USB UART
TXDDY
RXDCy
RESETDH

ftdi_uart.sch

SAFETY LOOP WIRING

afety loop Wiring
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RXD
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CAN TRANCEIVER

CAN Transceiver
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CONNECTORS

External Connector

EXTERNAL CONNECTORS
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+3.3V
. GROUNDED LOW VOLTAGE
AVR Reset Switch
II 10k ll
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AVR MICROCONTROLLER gy 2 " ¢ o
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pafashee: (Fage Sl (an2)ph2 |49 SLOOP_DETSTGGp pET) RESET RESET
24 f yTaL1 (AD3)PA3 | +8SLOOP_CTRL RESET AVR
23{ xTAL2 (AD4)PAL |47 CHRG_CTRL [RESETAVR)
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X1 (ADBYPAG 3¢
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c4 c6 (S5)PBO +3.3V
(SCK)PB1
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PG2(ALE) (0C1A)PB5 b2
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PG4(TOSCL) (OC0A/0C1C)PB7 3 AU
PFO(ADCO) (AB)PCO
PF1(ADC1) (A9)PC1 PCO GREEN <&
PF2(ADC2) (A10)PC2 -RB SP’AR\E‘
PF3(ADC3) (A11)PC3 4
PF4(ADC4/TCK) (A12)PCl
PFS(ADC5/TMS) (A13)PC5
PF6(ADC6,/TDO) (A14)PC6
PF7(ADC7/TDI) (A15/CLKO)PC7
PEO(RXDO/PDI) (SCL/INTO)PDO
PE1(TXDO/PDO) (SDA/INT1)PD1
PE2(XCKO/AINO) (RXD1/INT2)PD2
PE3(OC3A/AIN1) (TXD1/INT3)PD3
PE4(OC3B/INT4) (ICP1)PDL
PES(0C3C/INTS) (TXCAN/XCK1)PD5
PE6(T3/INT6) o (RXCAN/T1)PD6
PE7(ICP3/INT7) 22 z (T0)PD7
AVR Decoupling 0o 5 EXTERNAL WATCHDOG
Capacitors (UT) N9 e AT90CAN128-M
+3.3V 433V +3.3V * I
RESET A .
A 433y RESETAVR 1 | pet vee |5 +3.3V
uz
GND 2| onD
;r ;r ;r ADM6320
0.1u 0.1u 0.1u RESET 3 R DI M
;h(eshtitd:igo.g} \
Imeout: ms
‘2(: PU LLUP Open Drain Reset: 140 ms
+3.3V 433V reset pull—up resistor
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HIGH VOLTAGE INTERFACES HIGH VOLTAGE | LOW VOLTAGE
HIGH VOLTAGE POWER -
PAC K + - PWR_FLAG PWR_FLAG
-7 PACK— This power supply is responsible for delivering non—isolated 5V AMS_RESET _
—_—— powe? to the ﬁipg vottagz electronics. All AMS bus connected
LOW_DET devices are powered from this regulator. Maximum current draw +5V
CHRG.DET 250mA. This Switcher was selected for its high efficiency even at light load. GND
F RG_DET)y———= PWR_FLAG
[EoAm) SDA_HV <> 350uA
m— SCLHV  PACK+ 1 v 5V_HY
; YV
vin 2 A S SDA o5pn
5V_AMPS SK310A-LTP
5V_AMPS = run Y6 el
SCL sscl
CURRENT_HV_L AMPS_1 - i Liczess | .
CURRENT_HV_2)——AMPS.2 g ovLo 55 &
_HV_ El oo 8 é
PURLFLAG 81 VPRG2 Z Z VvPRGL L ]
O ] m
HV_GND PACK-— i
PWR_FLAG
Bypass
5V_HV SV_RV ((Zﬁig)ac'\tm
B |2C Address 0x48
cé;ii?m 23 s (see datasheet page 14) [2C PULLUP 12C ISOLATOR
(U4) SV_HV SV_HV
PACK VOLTAGE SENSOR R
bt 5mA 5mA
AND CHARGE SENSOR HY_GND : TS v o mrwees IR
PACK+__ 5V_HV ° AMPS_1 41 AINO > ADDR | HV_GND %)
AMPS.2 50Nt RDY [2x ol« c13SDAHV 2 lqpp soa2 [ L— SDA ¢4y
9 us B E] us
54 6l anz ADSTILS  gpulo  SDAHV 0.0uSCLHV. 3 |y 518600 o516 SCL
*2 ALERT At 7] AIN3 o scL Lo SCLHV =
VBUS Uk AO 12 z HV_GND 4 1 GNDt = GND2
Ne  INAL226 0 o) 4 SDA_HV he SCL_HV i
IN— o scL 5 SCL_HV o HV_GND ; :
S i
~ HV_GND HIGH VOLTAGE : LOW VOLTAGE 3.3V Linear Regulator
WURTH_750311564 +5V usg +3.3V
12C Aéidgesi O;(lm 18) This fluback ter b b ated TS : 5 Sy NCP1117ST33T36
see datasheet page is ack converter has been simulated in ice . +
deitionat docur?we%tation HY_PWR y P b 21 vi vo [-2 +3.5V

of the use of this component
is req’d.

d
HIGH VOLTAGE DIGITAL I/0

o
=
[}

|

NZH5ViB
D20

D7
PTZTE25338B

This 1/0 expander is responsible for relaym%
digital signals accross the HV-LV isolation barrier
via the 12C bus. 12C Address 0x40 o gf\}is_ ﬂ(btacdk regutattortis res@ons'\bte tfor dETHhv_EHng
5 isolated power to low voltage systems. This
5V _HY R10 SVHV_ - (see datasheet page 13) N © 5‘ includes: PACMAN computer, charge relays, and charge fans.
o 40uA <0 380uA M) u7 b
PCFB8574A U3 = - & The LLTt8302\f(Et?1u”ES a mtindimum currtent Tatv; forSSVtabLEL voltage
o - = 5 regulation. is current draw is not met, the + rail can go as
— CHRGDET b0pp S scL Kb SCL_HV o - S d hd high as 20% over voltage. The zener diode will allow the required
M AMS_RESET 5]p1 spa 5 SDA_HV 1 En/uvLO current to pass and maintain a level 5V.
o ———61p 6 =
oo LOW_DET7 | p3 a0 |- HV_GND At EE) Mimum Current Draw: 10mA
< =y 91 py A 12 HV_GND 3 2 | NTvee Maximum Current Draw: 2.2A
& TIT ST o |3 HV_GND EE
5V_AMPS %3 2 %11 pe & ez, RREF DEVELOPMENT ONLY
Ly—] sd2] p7 GND LT8302 Engineer: Geoff Nudge
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SAFETY_CTRLD———SLOOP_CTRL
CHARGE_CTRLD———CHRGCTRL

FAN_CTRLD——F AN CTRL

SLOOP_DET SLOOP_DET

OPTO—ISOLATOR ON SL CLOSED SIGNAL

This device provides a_galvanically isolated signal to the
microcontroller to_let it know the ‘safety loop is closed in
all components. The HV current sensor is enabled as a
result. This mean the AIRs should be closed if functional.

SLOQOP_A3 T 1 U13 vee 6 o +3.3V
7
v @ 5 SLOOP_DET T“
SLOQP_A4 3 GND 4 o GND
TLP2361

HIGH SIDE P—FET DRIVER

This device is respansible for driving the
high side p—fet switches.

CHRG CTRL 1], 4, |6 THRG CIRL
u10

FAN_CTRL 3l op o ovlt FAN_CTRL

GND 2| RN7HLVe2608 |5 +3.3V

SAFETY LOOP RELAY

GROUNDED LOW VOLTAGE

+3.3V +5V
This relay is responsible for switching the PACMAN safety loop
connection ON/OFF. The lights show E%he user at a glance if +3.3V +5V
the safey loop is open or closed.
GND
This relay is capable of switching 8A.
The SLOOP_CTRL signal is active low.
SLOQP_CTRL = ﬁl atnhd B1 Tnsharetihortefdt
iy ogether only when the safety SLOOP_A1
D21 < l i t thi Co2u R AL
o ﬁL oop is nat opened by this board SLOOP B1
SK310A-LTP P ~ Voltage between A3 and A4 SLOOP_AS |
RLY1 & <] griattertthan. 0 mteans ths b SLOQOP_A4
safety loop is not opened by
GND N E 2 +3.3V i
24 any other camponent in the
i system. HFA'\hL
SLOCP_A1 I SLOOP_B1
G5LE—-1A4 DC3
l SLOOP_A3)
1 (LED+] [LED—)——{SLO0P_AR)

FAN CONTROL P—FET

This MOSFET is responsible for switching the charge fan ON/OFF.

The fan will not come on automatically when charging begins,
it is controlled by the software.

Fan Output Voltage: 5V

+5V °

RRRO15P03TL"]

D18
SK310A-LTP

GND

CHARGE CONTROL P—FET

This MOSFET is responsible for connecting the CHARGE relays
when the pack charger has been connected. Power is supplied
from either the pack terminals,

Coil Output Voltage: 5V

or USB connector.

sregy
CHRG_CTRL o1 1 2 GND
—_—
R23 CHAR&
+5V °

RRRO15P03TL"]

D19
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GROUNDED LOW VOLTAGE

+3.3V +5V
+3.3V +5V
CANTXD CANTX GND
CANRXD——CANRX
CAN TRANCEIVER
V
Ut M
+5V CANRX PN
CANTX 1o S cann |2 <:|CANH
c19 5 8I8
Ve, oL | {CANL
0.1u rl [T — P
R24 $CP2551—\/SN
NOTE: Population of R26 is optional.
R26 should only be populated if you intend
to use this board as a terminating CAN node.
(R26 should usually be unpopulated).
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1 | I 3 I 4 [ ) [
GROUNDED LOW VOLTAGE
+3.3V +5V
+3.3V +5V
GND
VUSB
USBD+
USBD -
RESET
—==—-0DRESET
USB UART
XD o1xp
This is an FTDI USB Serial Converter IC,
it can be used to ug load code, configure L}RXD
the device, or transfer debudggmg information
if the software is configured properly
Drivers available for Windows, Mac 0S & Linux
u12
USB BOOTSTRAP POWER A ) o
VUSB 20 | yce e RXD FTDI Reset C ti
This diode is used to power the RXD 3 eset Lonnection
PACMAN computer board when RTS N3 RESET I DTR
the battery pack has been fully USBD— 16 | sgp-— cTs K11 ¢ 1=
discharged. If voltage is not USBD+ 15 | yspp+ DTR 2 DTR o0
resent between PACK+ and OCR 9
ACK—, then this diode will allow 10 x
the USB #)ort to supply up to 19 DCD = X
500mA of sustained current. X—=2-01 RESET Rl A—2—x
For periods less than 0.1 CBUSO |—23
seconds, 1A can be drawn. w—21_10sc) CBUST 22 x
»x—28 1 0sco cBUS2 13
v cBus3 14
17 1 3v3out cBUSH 12 x
> VUSB
SK3L0A-LTP S oot
L 2335 &
04u ™ o < o FT232RL
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EXT 12C

L0011

o

w
o
&
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AV GN D< 5V_AMPS

CURRENT_HV_1
CURRENT,H\/,i;
CURRENT_HV. ATURRENT AV

This RJ11 &RJ12 with center
four pins u TUzedg connected
allows the BBM—-01 current
sensor to connect to the board.

)& SHIELD_2
A SHIELD_L
J3 RJ12
GPIO HEADER

0.1" IDC Connector
External User Interface Board

16 15
14 13
12 11

GPIO

= o o (N o

P4

This connector contains pins which can be used for
SPI. If, at a later time, more complicated LCDs, or
more |/0 is required this feature can be utilized.

AVR DEBUGGING

JTAG Pngrammimeg/DEbug Header

TerOLCK 12 GND
50000 3 4 +3.3V
Ty MS 5 6 RESET AVR(@
w2l 18y
@TD\ 9 10 GND
JTAG

PACK WIRING HARNESS APPLICATION NOTE

Port J2 is a DB—37 backplane connector, which will be connected to
the pack wiring harness via solder pot connections. The wiring of
this connector, and its inputs/outputs are described in more

detail in the pack wiring diagram.

CHARGE 1/2
Charge Relay output, up to 5V & 1.5A can be
A solid state or PCB—mount relay is recommended to

keep current draw within specification.
(current design uses Craydon D1D40)

LCD HEADER/SWI2C

SAFETY LOOP A/B

=
Ne}
O
—
N

SLOOP_A1)
— SLOOP_A2 37 o
. S 18
SLOOP_A pins are _SLODPJU( O
sh?rtedh togtehtherf ; [SLOOP_A4 ig ')
only when the safety SLOOP,Bi( O
loop is closed B=——=~5100p_B2 35 o
SLOOP_B3 16 o)
SLOOP_B4 34 o
7y 15
Pins in these sections are connected to obsotetﬂ XL
signals in the test stand. They may be used, —Lh |

but the test stand must be updated as well.

FAN

used.

[FANG)— 13
2

L
Selelelolololelelele

This 4 wire connector is used to interface with

an optional 12C LCD such as the DF—-Robot
20x04 character display, or the Adafruit LCD

Backpack. NOTE: This port is software 12C only.

GLV HARNESS

GLV HARNESS

This device only uses 3 pins from the
GLV cannector: CANH, CANL, and GLV_GND.
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HIGH VOLTAGE GROUNDED LOW VOLTAGE
el g CHARGES 11 +3.3V +5V
: S USB UART
pEe i +5V
Cﬁé s R12 - GND
EE RG_DET] o jumper in the %
&l 100 Anderson charge [vusEyUSB 5 USBD+(g5gp+]
— P2 R3% _ctmntETtor puttta an GND USBD
Org 1 input low on the —
w LOW_DET 2
= _ HV 12C der. GND e ie GND
é D K expander Shi ﬁldj Shi 5\44

BACKPLANE CONNECTOR
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