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ALARM ANALYSIS ON ARM BASED
ODEL X-RAY GENERATORS

V2 R1 enc

2020-09-08

2020-09-08 Revision 1 note

After upgrading EERA45 with informationgelated to ARM based generator, this document present the
alarm and the way to inspect the generators on this generator class only in order to do not have sparse
informations

INITIAL NOTE

It is a good practic to always connect a Service Computer basedhoff R2 6 & 02 Ay T YR !
Main Computer USB Port in order to have several information about the status of the generator, the status
of the Analog and Digital input and output, the history log of failures in the generator, the history log of
generator work, the possibility to set a VIRTUAL SETUP SWITCH and the possibility to mask alarm in order
to proceed with inspection.

t 0

I/O INSPECTION

View/Edit
-\ 1/0 view.. Y full
History log analog
Generator counters digital input
Tube #1 counters digital output
£ Analog I/ - m] x
kv Dose error / Fluoro kv
HV positive side (AI) Dose error (AT}
setpoint (A0) 2 actual (A1) -19683
i HV negative side (AI) 35 Fluoro kV setpoint (AI)
90 0
mA
high range (AI) medium range (AI) low range (AI)
266 26 2085
heating
SF setpoint (AO) SF setpoint (AI) SF actual (AI)
0 6019 3455
LF setpoint (AOQ) LF setpoint (AI) LF actual (AT}
0 6011 3187
AEC dose
chamber #1 (AI) chamber #2 (AI)
setpoint (AQ) 7435 6858
0 chamber #3 (AI) chamber #4 (AT}
7552 8278
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£ Digital INPUT

Generator ON = OFF
RADIO PREP ext = OFF
FLUORQ XRAY req = OFF

Generator OFF = OFF
RADIO XRAY cons = OFF
FLUORO dose inc = OFF

RADIO PREP cons = OFF
RADIO XRAY ext = OFF
FLUORO dose dec = OFF

AEC disabled = OFF

TOMO mode 1 = OFF
TOMO 30 deg = OFF
CINE enabled = OFF
CONT.FL man = OFF

TOMO enabled = OFF
TOMO mode 2 = OFF
TOMO 20 deg = OFF
CINE man = OFF
PULS.FL enab = OFF

TOMO mode 0 = OFF
TOMO 40 deg = OFF
TOMO 8 deg = OFF
CONT.FL enab = ON
PULS.FL man = OFF

Angio step req. = OFF
Potter reply 2 = OFF

EXPOSET active = OFF
Potter reply 3 = OFF

Potter reply 1 = OFF
Potter reply 4 = OFF

Controls/Fault

INV_1 not ready = OFF
INV_3 short circ = OFF

Prim.cur.high = OFF
1.8Vcore status = ON

[ETENSSSENISONM Tube_1 selected = OFF
[FOESSERSHmonorE=ONIN DEOHEoSSAEIOFEMIMIN k\ near target — ON

[TGGTECEEa=IONMI Secund.cur.high = OFF

Tube_2 selected = OFF

INV_2 short circ = OFF
kV too high = OFF

XxxCCBkV readBack = OFF

1 Digital OUTPUT

HMIctrl disable = OFF
AEC reset = OFF
Anode accel. = OFF
FCB disabled = OFF
Mains = OFF

Aux power = OFF

1/0 reset = OFF

DAP power on = OFF
Anode rotat. = OFF
CCB PWM enab = OFF
Gates power = OFF
CCB reset = OFF

5Vdc active = ON
High speed = OFF
Anode decel. = OFF
PreCharge = OFF
FCB power = OFF
MUX enable = OFF

WS 1 selected = OFF
WS 4 selected = OFF
AEC detect_1 = OFF
AEC detect_4 = OFF

MUXcode_1 = OFF
DIVcode_2 = OFF
PWRcode_2 = OFF

AEC central dom. = OFF

WS 2 selected = OFF
TUBE 1 selected = OFF
AEC detect_2 = OFF
AEC left dom. = OFF
Small focus off = OFF
DIVcode_0 = OFF
PWRcode_0 = OFF
PWRcode_3 = OFF

WS 3 selected = OFF
TUBE 2 selected = OFF
AEC detect_3 = OFF
AEC right dom. = OFF
MUXcode_0 = OFF
DIVcode_1 = OFF
PWRcode_1 = OFF

Bucky_1 = OFF
Bucky 4 = OFF

RADIO time_B = OFF
PosCCBkV cmd = OFF
NegCCBipo cmd = OFF

Bucky_2 = OFF
RADIO PREP = OFF
FLUORO run = OFF
MNegCCBkV cmd = OFF

Bucky_3 = OFF
RADIO time_A = OFF
out of band kv = OFF
PosCCBipo cmd = OFF

PosCCBkV readBack = OFF PosCCBipo readBack = OFF NegCCBipo readBack = ON
PWRcode_0 readBack = OFF PWRcode_1 readBack = OFF PWRcode_2 readBack = OFF
PWRcode_3 readBack = OFF

L [Euaci

Controls/Fault

Fan power on = OFF

N <rmartGTE O

ALARM MASKING WINDOW

£ On line generator disabled faults

[ 136 XRAYtimer safety
[ 140 kv safety (IRM)

[ 152 Thermal overld

[ 156 FLUORO timeout
[ 160 TEMP-2 overheat
[ 1684 HVT not connected
[ 168 kv too high

[ 172 IPR IRA IFS on

[ 176 ESU safety.STOP

[ 200 Gates DC fail

[ 129 PREP.timeout
[ 133 ANODE safety

[ 137 Inverter unbal(IUX)

[ 141 AEC low dose

[ 145 ALTERA XRAY stop
[ 149 RADIO mA safety
[ 152 FLUORO heat calc
[ 157 TU-1 Therm.Saf.
[ 161 XRAYoff safety

[~ 165 kv unbalanced

[ 169 Inv.1 shortCirc
[~ 173 AEC high dose

[ 177 Analog DC fail

[ 185 FLCcalib heat LOW

[ 189 kv/mA unacept.

[ 197 ALTERA safety
[ 201 PricurTrafo fail

[ 124 PwS safety (IPW)
[ 138 TUBE sel.error

[ 142 AEC release

[ 146 XRAY timer safety
[ 150 RADIO kV safety
[ 154 FLUORO kv saf.
[ 158 TU-2 Therm.Saf.

[ 186 High prim.IPO
[ 170 RADIO heat calc

[ 131 FCB PWMao calib.
[ 135 FCB safety

[ 139 DOOR safety

[ 143 AEC timeout

[ 151 GEN off request
[ 155 FLUQORO mA saf.
[~ 159 TEMP-1 averheat
[ 163 TUBE overload
[~ 167 mA too high

[ 175 CANbus safety

*

[ 178 Act.SFheat mismatch[ 179 Sp.SFheat mismatch
[ 182 Act.LFheat mismatch| 183 Sp.LFheat mismatch

[ 194 IRA timeout

[ 202 CCB /O mismatch
[ 206 Power safe

| Set generator defaultl [ kv/ma ideal (DEMO only)

[~ 191 Emergency button

[ 195 IRP timeout
[ 199 Inv.1 fail

[ 203 ESU safety.DISCHRG

Save & Send

Note that thase generators shares most of théaams with the previous Intel x86 based generators, so
description of the alarm is the samegjrection methods can vary.
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ALARM 127
AIONIZING RADIATIO NS CAN BE DANGEROUS FOR PATIENT AND OPERATOR

DESCRIPTION

This is not an alarm, this is a mess#n appears on ODEL control consoles, address#uetoperator
when powerng on the generator, remindintpe hazards of ionizing radiation

After the presentation of this alarm, the generator can evolve automatically to dvgretatus or wait for
the operatoractionto use the generatorit depends on configuration status of the control console

USER ENTRY: If C306.4x touch screen control coies is configured in this way, generator wait the

pressure or. ~ ™ key to evolve i { ¢ . b, Status

AUTOMATIC ENTRY after showing the initial message, the control console software simulate a pressure
on OK key to evolve automaticallydr{ ¢ !-. b, Status

VERIFICATION
Set through NavGEN the virtual SETUP Switch ON while generator is in IDLE SUSPENDED mode.

Than turn ON the generator: after boot session, the control console will freeze on CONTROL CONSOLE
SETUP screen

The first screen tummito setup screen, here locate the key WiENTER f | 6 St &
Pressing ithe startup modecyclesbetweenMANUAL ENTEERAAUTOMATIC ENTER.

When selected the mode switch off the generator, turn the switch in work mode (or remove the setup
jumper on GCU) andat generatot
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ALARM 128
GNOTEXISENT ANATOMIC PROGRAM

DESCRIPTION

ARM generators do not need an anatomic program as a start point anymore, This message will not appear.

Generator always uses data from last corre®a§ emission as a starting point.
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ALARM 129
GRPT: TIMEOUT WHILE WAITING EXTERNAL BUGKY REPLY

DESCRIPTION

Generator, after ANDII step are presseAND filaments are correctly lit AND Anode is turning correrstly
NBIIRe G2 SYAGA I yR LINEiBd@She exiernahdeesmolyldziordinglm®dthedBuckyl | NJi
table for the Working Station selected

Generator waits up t@ ntbat accessory is readiirough Digital Input/ Message (depnding on Potter
table configuration).

SS3aAylLf FNRY SEGSNYLIt | O@nBalam Ngenekated y2 3G F NNABAY I FA(
VERIFICATION
R212

EGTB based

CALL

POTTER BUCKY 1 and 2 INTERFACE

fe

e —R ] L]
24vac ™ & s e

b : iz

Check that Relay is Drivalfter correct preparation
Check that LED in parallel to relay is LIT after correct preparation

In case of 230Vac interface check the status of the fuse
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REPLY

Check the status of the reply le

CARDIO INTERFACE based

Emission schema for cardiac system follows:

ONE SHOT Radiography
\ F’REP PRE_x WP\_
\ RADIC! START EXPOSURE %
FLUORO T
= 3 T4
PULSED EXPOSURE SELECTION © Dol
Loz R ¢ fyd

e

PREP IN FROGRESS : I )
a5 .

BUCKY SUPPLY [0BS)
A rdrrrrorn

HV > 807% ([EXON
4

CALL

b1

FLUOROSCOPY

LPREFIPRE rx

| RADIO START EXPOSURE
223

PULSED EXPOSURE SELECTION
n2s

PREP IN PROGRESS J j
245 N— S a

BUCKY SUPFLY (OBS)
ot oo

H.UORD

HV > 0% [EXON
243

DL30 vellow [N

R263

Ilmw]\ R262,, .

W

0___ 10

—

0 kValk |

Wde W L

or

PULSED FLUORO

|LPREPIPRE

Gt
=

|RADIO START EXPOSURE  © &

FLUORD

PULEED EXPOSURE SELECTION| jJ jJ
PREF N PROGRESS j) jJ

aJc<\ SUPPLY (0BS)

HY > 0% (EXON)
Y

PULSED RADIOGRAPHY

| PREFIFRE.x

_,—II—II—|_

ﬁﬂ IRADIﬂSTAR'lEXPQSLIRE H”ﬂﬂﬂﬂﬂﬁn

FLIJDRO

PULSED EXPOSURE SELECTION jj j]
PREE N FROGESS jJ jJ

BL K\ SUPPLY (0BS) jJ
H > B £X0K) : U

= [ — CRETP -
- i
D E T EIELDEE mnmEE“
g i i dd BT |
) “.Il ||\|3|||ru I el 01 LT |mE|h
|
\ g BWAvamw n:mmu'un fo inding ‘_TJ,"-‘ 20NV
) e 7
39z SYERBES EE4ECF 35318 19
"'F%i g EE: ;3‘ !S i
XX O W > ZE>c
IR Bra5t
we 33 & cungh &
LTS S o
Lo ¥ > = L 8 +
S+£3E oad ¢85
go 83 3 L2200
o9 £ Zzdoda
823 £ = -
a3 53 £ S & I
gaw 2 LlE =0
-] £ £ga
31 s ¥
a x

Check the status of DL30,ritustbe lit when generatois ready to expose
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DL17 shows the reply status as well as IRPT1 in NavGEN
R306.4X

Endeavour GTB based

CALL
It uses 3 OBS signal, one for each worklng station OBS1, OBS2, OBS3

e
D9 DLI
A VilLow 4007 YELLOW
s

DL15

1 N-wo? YELLOW

bucky call wsd ous 3 s
.

bucky call w2 OBS 2§

bucky eall wsl OBS 11

sp 5
HEADER 5 HEADER 5

REPLY
IRPT signal (Bucky Reply on GTB200 or Fast Bucky Reply on GTB100)

FAST POTTER REPLY
+24W e

Rrio 47k
P 3.3 Dzl
—- R0 12V 5W
» 3 1
J1 P9 g2 33k o
rRx1¢ €19 1] . | 7 .
XXXG == N D R DLI5 REPLY
R 27k TSuF Al Vo o ==
“ADE o anp 2 YELLOW n-1s
HEADER 3 P pag 33k POTTER
HCPL3700
3.3 Ve
P10 Rag 3.3k
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2 TUBE EGTB based

Even if EGTB is full assignable, a standard convention when used with or without a Digita Device Plug & Play
dougterboard is:

Bucky 1: demanded to Remote Tilting Table
Bucky 2: demanded to Imaging Digital Device
Bucky 3: Remote receptor 1

Bucky 4: rerate receptor 2

Here is present the Hardware visual status of the output / Input, in general, for slow signals, it is easier to
inspect the status using NAVGen in Digita Input / Digital Output section

CALL
BUCKY OUTPUT

'."-l':l\.' R123 =24Vl

Bk

¢ H_Bucky 1=

y — Y 0 _Backy la
ipzen EMISSION

] READY

BUCKY 1

Rl 22 MWin

Bucky Output section for bucloall 1,2,3,4 on screw terminal can be either active High or active Low
depending on position of related jumper.

In both case the visual status of the output is demanded to DL28 for Bucky 1, DL31 for Bucky 2 DL36 for
Bucky 3 and DL40 for Bucky 4

In case iis used the standard bucky interface, the same signal for Bucky 3 and Buckypl4&rand DL47
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O o
s g POTTER BUCKY 3 INTERFACE
P12 »e — < é
% o 2 g _rn —4 il
F AC, o e gty
™ :;(I'Pl 0370 \_\l.\
SRVC [
w205 { POTTER BUCKY 4 INTERFACE
[ NUMBER
ok & Supply () I3
1 1
b
L §

Vo bEL axugy

oC- GND

02
oVia HCPLO370 Vi

In case it is used a Digital Device Plag&Play interface, Bucky 1 Call (Remote Tilting Table) is shown on EGTB,
Bucky 2 Call is shown also on DDP&P boaiusfmect the status of Digital Device:

REPLY

0B Lrpdy

FAST
BUCKY REPLY
1{RTT)

L_BK3mply 3

- Qi3
1_BKIply Yy BCRI7T
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One led for every bucky reply is present on EGTB showing the status of accessory reply.
They can be both Active High or Active Low.

In case it is used a Digital Device Plag&Ptayface, Bucky 1 Reply (Remote Tilting Table) is shown on
EGTB, Bucky 2 reply is shown also on DDP&P board to inspect the status of Digital Device:

? Rl16

1
Tk

CARDIO INTERFACE based

CALL
GENERATOR READY TO EMIT
REPLY
(PR -
EMISSION
START Egvae

-8 EXT REQUEST

oy DL BKlrply E DL
Yellow
29
4.7k
IRP1=1
ovaet 12
DOCUMENTO FOGLIO

NOMEFILE CLASSE 10

di
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S to JI8 MLU to JI10 MLU

+24 Vdc ) -R59
o 9 g[8 8| ccocceccoo 6660060000 | os[ ¢

Fun supeLy 121 ) £lo)e DB

= N - INPUT “[[ D4
= ® @ =) Q pLes  DUTPUT |
I I Hloge)C [« o Waki]
w @l o= K D1l Red X P24
g R3] 22 [RE] [RE] RED [©oJrds
z| 0= P27 B3 [Colras
% 5. - B9 Reg B2 R13 RO RY Ao
z [© H R nier i JE Ko KO3 KOS BT KBE 53
AR — N5 B2 o EAEARARIES 00 7
a = LIS ]
5 I® 7\\7@ SEC] " el e [ BB EeE ED RD uNM@@
2 o Vo, K3 D10 nuaiC JoolPe  KEE KB KESl KB4l KBLE] g (] -
5 1S ™ k47l B3 RiE EZl Gl 0 vdc
2 @ ld "o, 02 (&7 a3 THERMAL SAFETY
o B 84 73 @l
E H]@ g K Z|- JP31 GRID COMMAND
- DL20 pLis | T Ra4 @D]
2 @ o= R43 @l DOOR SAFETY
& = e puiek JES5 +24 Vol
Eﬂ]@o:o_ogka @ g g Ol -
al [I® ﬂgeﬂ D'—”%%m 2| @O Ji2 0 vde
a — 10 Vde
g I® M 5 pelt JED SN ovsc FLUDRD START
- Mg{a R4gl [R56] @f]rs |
5o DLEENE:S%M 5 I J (3)] = | —{RADIOGRAPHY START
NIO) [P _ o neltiea (%] @ovec| Jovac
'5_ H@ lzj E Ea DLES[%E@ %/\ %) @][PR _| RADIOGRAPHY PREPARATION
E ﬂ]@ o oo D8 @ T DLamE:s%EGE % % J14)
s 7 O A S

VERIFICATIONS

FOR ALL THE INTERFACES

T
)l

= =

= =4 =4 =

Check that selectedccessory is powered ON
Verify that OBS, OBSfe correctly generate@throughrelated LEDswitch ONn General Terminal
Board
Be sure that cable connecting Generatto accessory are not interrupted
In case oMmoving grid, be sure that the grid moveshen OBS signal is produced and received in
accessory side
Verify that external accessory repli@sosingrelay/or energizing awptocouplei

S adaNBE GKFG OFof Sa tdgenénits pukase Aot int@rGpfed & 2 NE Qa
Be sure that InpuLEDs lighted
Test input LED closing manyahe bucky reply on GTB
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mode:

UsS

TOMO B

—_—

TOMO €

—

0 VDC

{ TOMO-D|

—_—

0 VDC

% RADIOGRAPHY EXP. SWITCH
0 VDC

%FAET POTTER REPLY!
—_

0 vDC
 e—————s

0 vDC

TOMO_FAST|

MANUAL

GTB 120-122

e s e

FLUORQ SWITCH
—_—

0 VD¢
-—
TOMO SLOW|

0 vDC

0 vDC

132
131
130
129
128
127
126
125
124
123
122
121
120
119
118
117
116
115
114

fi I NT OWMRONG TOMOGRAPHY INRUT
DESCRIPTION
Input combination of signals generated from external tomographic accessory is:wrong
Generator uses following signal to switchTitomography scan
R306. 4x APROGR20M H. F.
R306.3x AEndeavour o
IR RSt
R41OD ﬁs&g RS9 JPSI._ @ GTBI30 DOSE DECREASE
. ‘:;;n[* :;:‘-:::m g ) GTBI2Z9 DOSE INCREASE
. e GTEI28 AUTOMATIC DOSE
=1 o RESIP4SEEE | @: - GTBIZ7 HCF REGUEST
ml:él:llﬂg&g; 91 P47 @ GTBI26 FLUORD REQUEST
a4 oLzl R4 [l | J32| cTR2s 0 vdc Int
a3 R;S_l;-!::iﬁ [SWRTE @, GTBI2Z4 0 Vdc Int
Ra7OGES E'E‘..P:I? g ) GTBIZ3 BUCKY 4 REPLY
o el g e |0 mow o
“Lép “‘i?f%a :%J’EE-EJ @ E GTBI20 BUCKY 1 REPLY
RaoO 2 Loa o] | J3if cTBN9 0 vdc int
%39 DLEL 00 Rispaoggl) [ @ ) GTBUS RADIO REGUEST
137 ReOD4l gy RE3Pesggge) (| @ ) GTBU7 RADID PREP
ezg RH0 @, - || GTBU6 0 Vac it
RIDSOO0E4 HJ.WP“_ @) GTBUS TOMD SMALL ANG
meall RUNPA4EEE| @ | GTBll4 TOMD SMALL ANG
L3 RID200GET (0L RIISIP42HEES] &) Jeo|| GTBU3 TOMO NORM ANG
L3s LEY aua o2 & _
P——— | = GTBU2 TOMO VIDE ANG
o et Rl 01
R RU7
= TR (oD e
L3 R:_?;:q:t- R B se7| GTBIO7 0 Vec int
HB i
RT7ODG: o4 REE2
M N gl e 7 O | T
Lee R7400GRORT. R3S Ri;%e @: _y | oTEws oFF EsTERN
wer Wm;s;:qg% :;en_sa[ = 32 g ) GTBI03 ON ESTERN
7 GTBI02 O In
? E[‘ Jzs| Ernluu ] :: :n:
IR XN} gl‘.oil‘... .

In case Selection is not DECODED:

gRAHDGﬁAPHT PREP. SWITCH
—_—
C TOMO A

TOMO ANGLENLY ONE between possible selectable ahgle

TOMO SPEEDDNLY ONE between possible selectapkeds)

113

EEEEEEEEEEEEEEEEEEER

In case onANGLE e SPEHDIt is missingore more than one ANGLE or SPEED are seltgttedlarm is

produced

VERIFICATIONS

Check the input LED agdimpsevious description when this error appears
Verify the cable connection between generatoldanmographic accessory

Verify the signal generation on tomographic accessory
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ALARM 131

i A C GUdnable to compute filament lighting 0

DESCRIPTION

When filament current feedbacks from Filament Inverter Driver boards are different from the ones
requested by main computer board in preparation phases for both radiograplicoroscopicemission
alarm 131 is produced.

Signal path description follows:
Main computer generates an analogue voltage reference addressed to Filament Id@reerboard

During Preparations main computer is expecting feedbacks from Filament inverter driver board similar to
the reference produced

If values diffemain computelis not getting the expected filament lighting and stops preparations to avoid
wrong mA emission values generating this alarm

VERIFICATIONS
Verify the filament lighting path following those steps

Value requested by main computer and real filament ligitiralue can be numerically displaied using
serviceprogranb ! + L D! ¢ hw kK b9 in)/Q SIGNAwindpwh w9 w €

Small Focus osf Lightingcurrentrequest) -> isf (real lighting current

Large Focus olf (Lighting current reque$t -> ilf (real lighting cuarent)

Feedback ZEROED
In case feedback valueZ&RGilament inverter driver is not powered, or filament switching is not enabled
R306.4x ’PROGRAM H.F. LB

In case botHilament feedbacks are zero it is supposed to do not have 24Vdc power supiilgnoant
board¢ power section.

This power supply is interrupted on Power Distribution board through a Relay commanded by Main
Computer:

DOCUMENTO FOGLIO
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di
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w] R Sl R | "2 | o V prreiei ‘
gray | 1.~z groy RELAY SPS it
73 - i =
L2 L3 I IW'MZ/@E} K
ACDC +24Vde 240 i? w. | e v
EErrie | e
J7.1
J7.4
. J4.1 OI‘GHE
oro.nEe Ji4 olet
e - = dgree TO EXTERNA
JLd orange J1.3 - Lokl 3 a7
MAIN LOGIC UNIT i SR e s 2 A3 puy - CodsenTes
VER 1 REV 5 RELAY SPDT violetid 4 ﬁ CARDIO - CodSE0.754
e K:’F — ::AHENT BOARD u I:
Jes FILPWION % LARGE FOCUS
o RELAY SPDR,jolet)4
R FLAT RIBROM 20 WIRES ¥ i Cod560714
Cod 560,750
wl ol T ' FILAMENT BOARD A5
L] = ] Dwg 053 JL4
e Cod360.755 ﬁ
pin B SHALL FOCUS
1 viglet a1
GHD CodS60.714

Check the relay status

Check that electrolitic capacitoadter the bridge did not leak eletrolitic fluid from thepper valves or the

side breaking lines going into short circuit

Then check the signaked toenable the filament drivers

Follows path description in next section

2x118x@ O%l AAAOI 606

Here filament power supply B4Vdcwhich supplies all the low voltagmardsin the generator.

This power supply is handled Bafety Supervisddoard that can decide to cut off the power in hazard

situations

- Varvg
]

FILAMENTS ON
VoL

W LILARIT N SUMFLYT %

Check led on Safety Supervisor board the LED that indiftlete®nt power presence

Check also on cabt®mnnected b Filament Inverter Driver Boattle presence of 24Vdc

DOCUMENTO FOGLIO
NOMEFILE CLASSE 14
di
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Single Filament lighting board (Rad Version)
Single filament lighting board power one filament a time, and switches the power to the filaments through
an onboard relay

Filament lighting reference arfdedback are produced and read back on Small Focus chasfigisf)so, in
service software only the small filament seems used also when large filament is select on control console.

Digital signal for small focus selection is PWM controller shut dakenI@Tx in R306.4x)

Digital signal for Large focus selection is used to drive relay which selects Smgdjleciocus power
output.

Check, on filament driver board, the fuse F1 which $uppS & L2 6 SNJ (2 GKS Ay @S NI SNJ

FZ5 =
= BLD! F] 6A i |
p gj':'J 5
: RI7 _sivdal |

| [ = —y ﬁ'f-‘l
T
JTHEADER * £l
K4 Cl
RBLIH ATiHhF

1+
o ]

Check that power outpiuiconnectorto High Voltage transformeare not swapped during system
installation

2 t o -
[H > 1 . 117 1
[ > 4 Wb "

J3 J4 on filament board

1
J1, J2 on High Voltage Transformer

Check also tha@WMcontroller is not in forced shutdown sta{®L3 LE@N=Correct Working statys

DOCUMENTO FOGLIO

NOMEFILE CLASSE 15
di
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TR

U
IHE -
IN414%
52 E Ve S

g
H 1k 15V
Rak 1
€3l =1 Hn v ?
33 mo
It ITA= —_— GUT ek
DIz I aius +15Y e
IM4148 6 Il - I 4

: <3 } i
g 32 SC =
LETN -
o 4.TnF 1k lfl%h
Din % = auta L
. o le

Wa  IN4LE i X .
= soFT P [
1 3%
SCAsXTR “T™ limF
DIg
[IENEL ]
vde
Verifyanalogue voltage power supply.
1 5%k F71
1
- Vist DD 4
MHImA
2 l 1 Gad
0 Iul-‘l‘ T3
ATl
| T “Win .15
0 ogst

Double Filament Board
Here filaments are lighted contemporary

ISFsignal is used tehutdownthe board undelODNname, then all the principals of working are exactly the
same as single filamemverter driverboard

Ve 1. o
ann L2
:|\¢_'|h
Py L SH I
o | 4
Tl
. Hseode
v pepeds s TET
Heretwo fuses carries power on filament inverter board:
DOCUMENTO m———
NOMEFILE CLASSE 16

di
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1 F#a [ ¥ C Haa W i,

P ; '

: Ik FUSE
57
4 HEADER —* sk
Fi3 ] “T™ luF

Than follow instruction seen in single filament board regarding Safety Supervisor power out and flat cables
checks

Feedback < 1.5A

In case feedback is less thabAthe primary circuit is working cagctly and the low current flowing is the
magnetizing current of the filament transformer when secondary circuit is open

wSY2@S Ol iK2RSQa 1 A3K +2fdF3S OFrofS KSIRAYy3I Ay 1A
Ohmmeter the continuity between the psn(less then 100hm)

In order to inspect if the continuity stop is in the cable or in the tube (broken filament) unconnect cathode
High Voltage heading on tube side, put all thespinshort circuit and measure the continuity in tube side

1 Incase thecable is broken, do the same test on anode cable: if anode cable is ok swap the cable on
both side anl keep on working

1 In case the filament is broken, put this information in service software to instruct the generator to
do not use the broken filamén

1 Incase the filament broken is the one used to make fluoroscopy, do a fluoroscopy calibration on
the other focus using service prograd®AVIGATOR / NEBULA EXPLORER.

Feedback present but not correct

This situation can take origin from

Main computer generating w rong reference value
Reference values are read back from main computer and can be displayed through service program in 1/0O
signal section: in case read value ar different from generated value the problem can be the D/A converter:

The section presents thganted value, the readback voltage for the desired current and on the right the
real current flowing through the filament

Filament board reading wrong current signal from filaments
Check filament board: there are two current transforreer which a cablesipassing through the
measurement hole.

Turn the board and solder the transformer pins.

DOCUMENTO FOGLIO

NOMEFILE CLASSE 17
di
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FEEDBACK PRESENT BUT UNSTABLE

VerifyHigh Voltage cable connection, clean the headings and in case cdlole enlarge the pin to beise
the contact is granted.

Alsoa false contact of the cables inside the tube that are connected to the metallic pin which pass through
the glass can give this phenomena

FEEDBACK PRESENT BUT UNSTABLE IN PARTICOULAR POSITION OF THE
TUBE, OR LOWER EMISSION WITH THE SAME LIGHTING

Verify Higp Voltage cabl@ins as per previous description.

In case tube is not metallic, remove the collimator and look the light of the filament, there o#sibility
that the filament @es partially into short circuit, so that current flowing is the same,ddattrons are
fewer and emission is lower

DOCUMENTO FOGLIO

NOMEFILE CLASSE 18
di
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ALARM 132

i | M AExternal Automatic Exposition Controller not ready

DESCRIPTION

This errorrefers togenerators differentfroowo nc o E a9y RS g2 dzNES wonc ®nE a4t

G b S o dehereAE@Ilectronics is a completely separate box.

In case electronics of the box is not ready to acquire this alarm appears.

VERIFICATIONS
C2tft26 AYyaGNHOGA2Y 2y 3ISYySNI (2NDA

Yy dzh €

by

R

02E

DOCUMENTO

FOGLIO

NOMEFILE

CLASSE

EENL104 V2 R1 ODEL Generators Alaom&\RM BASED CONTROLLERS.docx

13

19
di
111




EEN-104 V2 R1 ene
ALARM ANALYSIS ON ARM BASED

ODEL X-RAY GENERATORS 2020-09-08

ALARM 133

fi | A RAnode Rotation failure 0

DESCRIPTION

Identify the situation where main computer, after rotation request to rotor drive board is not informed
about correct rotation of the anode

Rotor driver can be two types:

T YIAya 7FNBI| dzSyWORMANBRERINSTARTERNR @
T cnl il k mynl T TNSH/NZRVASPEER STARTER y £

Both the drivers are common to the three classes of generator, so will be inspected together.

VERIFICATIONS
Checkusing an Ohmmet, the continuity betweerCOMMON- MAIN, COMMONC¢ SHIFT wire.

Chek also that resistece COMMON MAIN< COMMON; SHIFEMAIN¢ SHIFT

+ SNRA F& dza A ifal doduden&itidr thal e<BKCY read is similar to the one specified for tube
windings, in case no tube technical data are available, check if the tubesisr in sectiori of technical
manual

NORMAL SPEED STARTER

Check that wird bridge on Normal Speed Starter Board are the ones described in following table to select
the correct shift capacitance

JUMPERS SETTING:
PHILIPS nF TP1 T93 IP4 TP6 oN
»l .';u[:
COMET 3(nF TP3 TR4 TP6 oN
/i FACTORY DEFAULT e = -
— |
10F 10uF o OuF
] 15uF IP1 IPS IP¢ ON
e "3 w5 [Cms
SIEMENS 10uF TPl TIP3 ON )
A
(ON =Wire Soldered in Holgs
DOCUMENTO FOGLIO
NOMEFILE CLASSE 20

di
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POWER SUPPLY
Verifythe presence of board power supply

T3

L

ol

IEADER S

Power supply is generated:

2onme80c@ Owl AAAOT 6006 q

K3 BTAATER BUPPLY | &
e S8 5012 WU

M5 STARTER

ood BRI Salz

1t +4
On front Omega Rail is mounted Si3, feeded with two phases as current protection the the autotransformer

mounted in between the two metallica wrame holdin on fron thaimcomputer, and in the rear the
filament board and the starter board.

Verify the switch is ONnal 400Vac ion the output of Sil

c
C +SNATe (GKS HcnzlO YR pnzxlk O 2y {GFNISNRAE O02YyyS

In case 400Vac is present out from Si3 and 264Vac is not preséniidn NIi SNDRa 02y y SOd 2 NJ LJ;
CNF YAF2NNVSNI A4 LINPGSOGSR WWKAGK T GKSNXA&G2NI a0t A0
C Demount MCU frame and try to understandréinsformwr is SO hot to have the clickson OPEN

2ome8t@ O00I COAI (8&8 5364,

Verify fused=3and F1for integrity

DOCUMENTO FOGLIO

NOMEFILE CLASSE 21
di
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Verify thatLBis closed

Verify60Vac and 275Vaoltageon power cable which feeds the Normal Speed Starter board.
Verify400Vac ipresent on Service Transformer

Verify60Vacand 25Vacvoltage used by Normal Speed starter is presenficin | NlliaSsfaxonéer

TUBE ROTATION DIGITAL OUTPUT

ITiVacllAmp
e L AL
J ' VI
Rl | e
w1 F L e

Ik Yellow
W2
130V DAD

Verify that rotation commandOAT )from main computer to Normal Speed Starteris present looking the
relative yellow LED on Normal Speed Stakied

r
Gman

I

1501
Ly am

4148

When current is circulating in stator windings, verify gresence of Normal Speed Starter reply to OAT
command, looking the green led LD2: it must light in normal condition after Yellow LED t.D1 is li

In case commant$ present but No reply is prest, take a look on safety circuit used by Normal Starter
boardto sense tube rotation:

DOCUMENTO FOGLIO

NOMEFILE CLASSE 22
di
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v
-
_T 2 =
w
Q o
I 1
A) \
10eF 1008 10 nF
100k 7] 2} IP! 18
Kl
B4 ¥} sy
% 4Tk i
B9 ]
. b~
B i
F S S
14007 i
— "4 Qll Lcs ¢ms D3 |
erene 96 5 % i Eias . .
oo S oA
- -

Driving voltage eross stator windings produces also a low voltage alternate current, rectified, and present
as continuais voltage on diode D5

~Je
]

7

J;;r 1501
%R o

Current circulating is stator closes the two reed relay: MAINK&)and SHIFT lgg1)so the voltage on D5
can flow through optocoupler ISO 1 closing the rotation reply to main computer

NORMAL/HIGH SPEED STARTER
Verify that starter in Hardware Description is the CANBus driven device:

DOCUMENTO FOGLIO
NOMEFILE CLASSE 23
di
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£ Main configuration data (Gb_0601.Clb) - m] *
Identification
Controller s/n: 601 Year: 2020 Month: 7

Comment: |demuASSING Notes: ‘

I Limits | Techniques | Options | Heat parms. || Factangdata)]
Generator: US3 E (80kw), 2 tubes

Inverter: standard

Interface board: GEMNERIC i/f (US3 9069, NEB....)
Filament board: 2 %9014 V1.R2 mono FCB a)

Tube starter: NS+HS: DSS 5944 board with CANbus iff

[EV S Y

4
|
Power distribution: g standard

Confirm&Send

Verifyin TUBE descriptdhat stator configuraion in NavGENSs in accordance tthe tube used

4 Tube 1 (TB_1.TBh) x
General data \ Cooling data } Small focus } Large focus Starter data IDose data }

Load default library data for select a tube dlass ~| ¥ starter data have been certified

Brake current [A]: %‘ 2.0

Hold t[Al: 3 12 I
Startup time [s]: 3| 1.2 oid ourent [A1: 3 Braketime [s]: 3 3.0
High speed \ /

Start up current [A]:gll 8.0 \
\ Brake current [A]: %‘ 4.0
Hold tiAl: 3 15 I
Startup time [s]: 3 2.0 ol oaTent[A1-1 Brake time [s]: 3 5.0

Sinus frequencies \ /

NS rotation freq.[Hz]: g 60

Normal speed

STOP freq.Hz]: 3 10
HS rotation freq.[Hz]: g 180 H5--=NS freq.[Hz]: g 45

‘Luad somethmg..i ‘ Save in TB_useri ‘Cunﬂrm&SendI

Alarm 133 can be inspected in detail in SUBSYSTEMS WINDOW:

DOCUMENTO FOGLIO
NOMEFILE CLASSE 24
di
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£ NavGEN 1.15 20200\06\09 compiler <= 2012, US3 HF_(

View/Edit

10 view.. 3

History log -

Generator counters H
Tube #1 counters
Tube #2 counters

Faults log
Disabled faults

Last power-off data P

CANbus & SERbus log

SERbus tester d
[ Subsystems |

Date/Time & Temperatures

Generator software update

Tiny console
Sequencer in tiny console (HW none)

Reconnect generator

User: TECHNICAL SERVICE
About..

£ Subsystems - [m| X

Focus heat | Energy storage | Console

Type: NS+HS: CANbus driven CANch (O=none): 0
SW ver: not applicable T¥ed 0 RXed 0
Digital I/0

I high speed _J speedup . DigIN NS safety

_J rotate _J slow down il DigIN HS safety
DSS status p
Tins

Tl.hs

nr st T2.ns
TUBEidx (15=none): 15 Reset: 0O O T2.hs

Limit values [A * 10]

1 oos uag EE 0 0Odisab, 1 f{SetPoint)

B
El

DSS status: StandBy
TB status: Powerlp

L priEiiny B 3: 0 0 0 disab, 1 f{SetPoint)
|
b |

L =hie P o] 0 0 disab, 1 f(SetPoint)

CAE1:NO ROTATION DETECT
In this case main computer do not receive th8& / HS safety depending on the speed selected by load.

Possiblecauses can be:

POWER SUPPLY ON STARTER INVERTER

Switch ON generator and set it8tandBymode, here verify the 560Vdc voltage presence in the starter
power input connector: power connection passes through protection flested on POWER
DISTRIBUTIONB@ARGg in case of no power supply on startewitch off the generator and check for
fuses integrity

DOCUMENTO FOGLIO
NOMEFILE CLASSE 25
di
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E % _ DS
R @] |e——Wr-e e
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FL4 g -
4 ® _
—560[:.‘;' P . ® W@ J_ . .
E [ N
Vel j @ o E,E]: H ° "
+56UE :"?'E @_| ® E_ ca L
re][C 2 el e 42 %:é i
. c7 B FL& ] LBy 1 e : :
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o+ & | Iy ==
(e} w o +
ny
= s ©
c % <
o
n

STATOR CIRCUIT VERIFICATION
Switch off generator and, using an Ohmmeter, verify continuity of the three cttidépowers the stator,
directly on general terminal boardr directly on the starter in casgf single tube generators

Measurement is in Ohm, typically from 11 Ohm in common to main winding in a Philgsujuio
1100hm, maximum resigtae measured on CGR tube between CommoS&Hift.

Verify the measurement with tube technical characteristics.
As a general rule:

In case of resistance lower than the nominal stator resistance present on technical documentation implies
short circuit on windings layers

Open circuit generally impliesable bended up to conductor crack or statoric winding open due to high
current drive while a wrong jumper set was configuring the starter.

One Tube Generators
Cables are connected directly on the Normal/High speed starter, no further inspection are rteadedy

stator circuit continuity.

DOCUMENTO FOGLIO
NOMEFILE CLASSE 26
di
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Multi tubes generators
Stator cables are connected to general Terminal Boards

J{; Sll-E3LAL 2 | GTB221 - 230Vac SE 00 (TR2)
DO_TU1Sel ¥ |1 D14 . 4
N s1G-E3saT difieed 5 | GTB223 - 230Vac SE 230 (TR2)
S — f GTB224 - 230Vac Generator ON
DO TU2se1 —g R0 TU2scl |/ DIS
N S1G-E3/5AT
P20
D16
0Vdc S1G-E3/5A1
HIGH VOLTAGE CHANGEOVER SELECTION
STARTER TUBE DRIVE , R
+24Vde O Hyx A DRIVE WAL
R215
47% D17 K9
SIG-E3/SAT i J‘:
[ 120
DL48 S% - | GTE225 -Room Wik Light Phese Out
— (|
E Stleal | 5 | GTB227- TUBEZ SEL
— d 4 GTB228 - STAR
s | GTB229- STARTERSHIFI’
il d & |GTB230-STARTER MAIN
+24Vde & L Auxiliary Supply
D19 K11
S1G-E3/SAT >
122
diadl o | | GTB231 - TUBE2 COM
d > | GTB232- TUBE1 COM
EEER 3 | GTB233- TUBE2 SHIFT
TT o |gemne
LI . | GTR236- TUBET MAIN
5A MAX per contact
Tubes

Inspect DL438 lit for tube 2 selection

CURRENT FLOW MEASUREMENT ERROR

12

Current flow is sensed by two differeaircuits:

LEM current serts to measure and regulate the drive current

DOCUMENTO FOGLIO
NOMEFILE CLASSE 27
di
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HOLD current circuit to sense the low current in shift leg

VALUE of the current cannot be seen in Starter Subsystem panel in NavGEN, but there is the possibility to
use a specific software called Navp&Sent in NavGEN installation and connecting the USB cable directly

+ _GEMlib » MawD55

o Mome

=2 NavD55.exe

on the starter.

CA%E 2 SHORT CIRCUIT DETECT
In this casghere is another current sensavhich senses the current flowing @xss the inverter

In case of ovecurrent in the inverterjt automatically trip off the sinusoidaysthesizer.

This sensor drives a sensing circuit which trigges the safety against a limit value set by microcontroller
according to the limits set in firmware:

ANALOG SECTION

INVERTER, CURRENT BREAKER REFERENCE ST

Rite TRT

ri
10
10 1k RIS
1k 1

Lo

DOCUMENTO FOGLIO
NOMEFILE CLASSE 28
di
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Possiblecauses:

45" %3O0 3414/ 2 Y.4] 3(/24 #)2#5) 4
Verify the resistance of the winding using an ohmmeter

STATOR CABLE INTO SHORT CIRCUIT
Disconnect cable on both sidé the cableand verify that the three conductoiiasulation, verify also the
insulation of the three cable against the cable shield.

Inold system verify also the insulation between the two shields.

SNUBBR INTO SHORT CIRCUIT
Verify Snubber resistences (metallic resistors mounted below power board on an hett sotkbe
destroyed due to high power out or grounded through metallic body

In case snubber resistors are found in short circuit it is possible temporary to keep on working
dzy O2yy SOUGAY 3 (i KSsreigvimpoorheeiorad? NBaAaidl yoOS

|— P e — T —
|_ w J L J — ) o ) |:M MalnTul Tug
n@ |:
r/—\l - rase [Tl I [S ShiFeTul/ Tu
— e ‘\Ea)
ci3a | — — 7} -é. _..® |:
S O A3
o0 . -
= — E uuT T
FazL | Ride - — — - rE==r C138
@@ || 2|5 || @ : T
1 ) e
O« = || = R - =t
=107 T 1L
=] P L -H_ | - = *:g_i. I‘: ::I
a8 | =00 P I S — 1 — = s e
. —, L T T S _ 14
ey O [0 O s (O ﬁ‘("JTl-—l 3 ! [:13" ‘ Jl" 3 3 ] ] 3| -
! ' ' [fo| SO Q0[0©] @
_'E.'O = © J‘Eu'-' e e e T T T .

P

ST1 LST2 HET2 HSTL CTI

(3]

T2

INVERTER INO SHORT CIRCUIT
Switch OFF the generator and verify IGBT junction using an Ohmmeter

1 A correctly working IGBT measures a charging capacitance, i.e. a resistance (rapacdgive
charge offect of the junction
1 A shorted IGBT generally has a fixed resistance lower than 5000hm

DOCUMENTO FOGLIO

NOMEFILE CLASSE 29
di
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a ]
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@ M|
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CE4 5= |RED
A |
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[n]
] o | —

{AYLX @& daAaAy3d Iy 2KYYSGSNI OKSO]l GKS o0ftdzS FyR GKS N
capacitance charging, in case of IGBT short circuit the resistence do not rise over 5000hm

1 CABLE IN SHORT CIRCUIT: simply check with em&dmthe threewindings impedence
according to data shown in tube datasheet, on HSS side after removing the pin from the HSS power
02FNRZ F2NJ SEFYLXS Ay FINAlLYy (GdzoS |, 2dQtt FAYR
between Common and Shift;

1 Check for insulation beteen inner and outer screen and in any case remove the inner screen
connection to the negative supply and connect with the outer screen to ground to make further

test.

DOCUMENTO FOGLIO

NOMEFILE CLASSE 30
di
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ALARM 134

i | P WNot en ough power on Main Inverter 0

DESCRIPTION

IPW signal/alarm shows the status of the nomis@d0Vdocon POWER DISTRIBUTION BOARD
It is also functionally used as a check input to drive the whole power on main inverter.

MAINS RECTIFICATION IR
+V Rail -
Pase L1 ) FL4 2
r- .-: [ard)
i polve 1 12Vide
i ; H ZS ZS ZS ‘-‘H\-G-Jr . 1501 .
[T L7 L8 D _—.h% Eé "_""_“;m ] o T =
Erativ AKAK |F e 3,
(=l hTI:I lTJ L=l N=3 w=3 .5 -VRail
i':.'::.':.'.':l:.'! .
i‘. ::::::::I. : Lo

The rectified line voltage is measured BOWER DISTRIBUTION BQARID RO, RL1, RL5, RL3,
resistances and ISO1 photo coupler.

If Line voltage exceeds 48dc the Vrail signal is switched to GND by the photo coupler.

VERIFICATION

Verifyvoltage on main inverter
In case voltage is OK but alarm 134 appears on control cotiegensing circuit can be damaged
In that case JUST FOR TEST PORPOUSE, you can mask the alarm:

BE VERY CAREFUL:

DOCUMENTO FOGLIO
NOMEFILE CLASSE 31
di
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This can happen because the resistor are broken OR the magnetothevitedd s open due to a short

circuit on inverter.
IN THIS CASE, MASKING THE SAFETY, MICROCONTROLLER WILL DIVE LB ON A SHORT CIRCUIT AND
CAN DAMAGE THE RECTIFYING BRIDGE.

NEVER MASK THIS SAFETY IF YOU ARE NOT SHURE THAT THE VOLTAGE ON INVERTER RISI
ABOVE 480Vdc WHILE MICROCONTROLLER IS TRYING TO LOAD THE INVERTER CARACITANC

Power supply Voltage

Generator nominal power supply490Vac10%.

Verify that at leasB60VacAre in line input

Verify the presence of the three phases

In case of One missipipase 134 error can appear generator while loading a biphases power supply on

DOCUMENTO FOGLIO
NOMEFILE CLASSE 32
di
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ALARM 135
i | C FDigital Filament Safety 0

DESCRIPTION

onwonc®oE 4G9y RSI @2 dz2NE S w eafety dhanfes tOBREHeH lddd ¥ is mabaped | { ¢ =
directly byMain Controller

It is produced when a fault is sensed on Filament Driver boardsn overcurrent on filament drive
happens

In this case the supervisor system switches off the power supply to flament and main inverter to avoid
RFEYlF3Sa 2y (dzoSQa FTAfLFYSyl

VERIFICATIONS

When generator is OFF remove filament supply cable on High Voltage transformer to avoid filament
overheating in case of failure

Mask the alarm, switch on the generator aciteck analogue power supply

o e 3 J +1 5k
Hm A S

corvac Yo T s oo sz foas foa ¢
bl = A L& = e LaAP {

— :: CREE 0. luf

470F o
= __\'-; [T | —— -4 vk L
3 W ; L
[ LM yT Tu L " E

.mT e - : 4 m I "m“ I HI ” 1:.'L k:l:q CAF. |1

Nia -1 ~| N >|T~‘ . luf
WWep KA 55L_ Ml P

bR e
= Q/ . : : e
DOCUMENTO FOGLIO
NOMEFILE CLASSE 33

di
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NOTE: Filament board are two, simildwe difference is in jumper set.
In case of necessity it is possible to swap the boards jumperset to inpsect if problem is in board or in
filament circuit.

1

g

Mo

SO

VERSIONE US3 LF VERSIONE US3 SF
s = B R ==
DOCUMENTO FOGLIO
NOMEFILE CLASSE 34

di
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ALARM 136
fiX- RAY TIMER Safety o

DESCRIPTION

In microcontroller firmware there is a task which aatsthe Skety Supervisor board in previsugenerator.
The task check also the correct termination of any exposure against digital signalsRdypreset time.

In case the main software do not close the inverter command within tRayXpreload timerQR in case
the commands to the inverter are stopped but kV do not decreaseit will remove any command to inverter
AND drive down LA and LB contactors to cut any power on main inverter.

At the same time it will shutdown the filaments boards

In an electromagetic front resets the main computemvithout producing error 136usspect a high voltage
arc.

DOCUMENTO FOGLIO

NOMEFILE CLASSE 35
di
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ALARM 137

Al FI / IUkbBlanced Inverter Safety o]

DESCRIPTION

R0
33k

g

RIY s 1000uE]s
33k

3
e
A1l
=
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Z
y

=
B C14,
080k == 1
T0nE kv

7
1 ﬂ!;hll'-l(lt\.\m E
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=0 AF
=
s
4
=
E0

T sSMC a00A b

R14
sk

Ry ¢
ik

I
=
Sn
] F0
=2

21
ii00uF
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TESMCHA

. R3

a3k
54

— ke

wa_| Res a:
o7 sk e 18

A< wis

=~ 48

SaopE 3

\wmm:cnmm
AL
[T

On MAIN POWER INVERTER board the snubber resistéacees the output of the bridge at the same
voltage (orange section).

Those two point are processed by a special optocoupler which senses the different voltages between those
two points (yellow section).

In case one IGBT remain closed for a destructese, the two points are not at the same voltage, and this
will produce the IUB signal to inform Main Computer to NEVER drive the IGBTs because there is the
possibility to close the opposite junction to the one damaged causing a DCRail short circuit.

NEVR MASK THIS SAFETY, FOR ANY REASON

VERIFICATIONS
OnMAIN POWER INVERTEBck DL and DL3

DOCUMENTO FOGLIO
NOMEFILE CLASSE 36
di
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O DD |1 R GO I P L T

? 13k
R52
m 15011
HPCLIT3I R5%
Wik 33k
Dis
1h4

L)

™~ j Yellow

THOSE LED ARE OFF in standard condition, will blink during exposure, one of the two led ON in case one

IGBT is shorted, OR snubber resistence is burn.
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DOCUMENTO FOGLIO
NOMEFILE CLASSE 37
di
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ALARM 138

fi O S TTube Selection Error Safety 0

DESCRIPTION

Main computer activate the correct tube request on selected working station and is waiting the activation
of ISTn input from, and only from, the tube driven

In case the reply is not present, or is coming also from another tube, this error is generated.

During installation
It is possible to make a wrong connection on High Voltage transformer of the cable that carries the signals
from the transformer micreswitches to GTBs, in this case check labels on migizhes cables

During normal operativity
It ispossible that

1 Main computer is not able to activate the tube selection

1 High Voltagexchanger cannot be driven

9 Feedback circuit is not working

f LyLdzi OANDdzA G R2SayQi 62N

VERIFICATION

/ KSO1 GKFdG 1 A3K =+ 2 tsiitchBsSarecdidesfel F 2 NY SNDa YA ONE
/ KSO1 GKIFG 1A3IK £2faG1F3S ONIXyaTFT2N¥Swiliage (dzo0S &St
transformer.
1 Check hat tube selection voltage is present and correct: it is produced by service transformer
(230Vachnd switched through relay on GTBs
1 Verify thatrelay that switched tube selectors are driven
K1 on GTB100/GTB200/GTB300

= =4

DOCUMENTO FOGLIO

NOMEFILE CLASSE 38
di
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TUBE SELECTION

- HIGH VOLTAGE TRANSFORMER ACTIVATI
clo_ls c20 el

R212
0.1uF Find 3541
A7uF Return Vac
pL46_| D13 Jit]
Wi e 219 - 230Vac Tubes COM
; w0 ! 0Vac White Light N
3 SIGEISAT = 2 | GTB2I - 230Vac SE 00 (TR2)
| D14

DO_TUISel — H
MNsiG-EssaT qzn 3!

DO Tzl | D15
SIG-E3SAT

TB223 - 230Vac SE 230 (TR2)
TB224 - 730Vac Generator ON

DO_TU2Sel

Dlé
Ve 1A S1G-E3/SAT
HIGH VOLTAGE CHANGEOVER SELECTION
STARTER TUBE DRIVE

s L0004 DRIVE YAC

J20

1 GTB225 - Reom White Light Phase Out
= 2 GTB226 - TUBE1 SEL.
- 3 GTB227 - TUBE2 SEL
4 (GTB278 - STARTER COM
- 5 GTB229 - STARTER SHIFT
= 6

GTB230 - STARTER MAIN

DLA4%

Ausiliary Supply

pig | K % {
IG-EX/SAT f

5A MAX per contact

GTB231 - TUBE2 COM
GTB232 - TUBE1 COM

‘GTB236 - TUBET MAIN

1 Un multitubes Selection Board check tit46LERis ONOFF while selecting tube dndLED
Dl48is ON fortube T2selection

9 Verify that current returns on botlilaments are correct: in case feedback current is lower than
1,5Awhen 2.5A are requested in SanBysecondary circuit may be open

1 Verify that when tube exchanger is driven, the pinrod covered by rubber cover is closing the micro
switch in the middle beteen Anode and Cathode

1 Verify closing manually the micswitch that the relative LED on GTB isw@le all the other tube
replies are OFF

TUBE SELECTED REPLY

DI_TU2rply 3

TUBE 2 SAFETY

DI_TU rply 3

TUBE 1 SAFETY

DOCUMENTO FOGLIO
NOMEFILE CLASSE 39
di
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ALARM 139
Al SP/ | Ddr.Open Safety 0

DESCRIPTION
Duiing

Radiography Preparation
Radiographic Sequences
Continuous Fluorsocpy Emission
9 Pulsed Fluoroscpy emission
Main computer check the status of Door Safety input

= =4 =4

In case it is not driven (in case external interlock is OPEN) stops emission and produces alarm 139

VERIFICATION

It is sugested to verify door interlock safety every time the generator is powered on preparing radiography
with door interlock open befor a standard job session to be compliant with local standards

In case external interlock circuit is closed do following:test

EGTB
Verify that DL54.ED is on when interlock circuit is closed

DOORSAF ]

&
i DOOR SAFETY

R231 10
’ D _DO0R saf

3 ) —— J‘(':s
e ek iipasos 'Ilu.u.
V 1 Ve

CARDIO INTERFACE

DOoOR o +24Vdc
SAFETY

[ Di_DOORsaF E a1

Yellow

54
4.7k

NOTE

DOCUMENTO FOGLIO

NOMEFILE CLASSE 40
di
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In case it is regest to stop emission duringrgile radiography after radiography start, put in series to
external interlock circuit also the GTB interlock signal

EGTB

Q7
BCEI7

Vint

CARDIO INTERFACE

FORCED EMISSIO

EXTINCTION N-EIW*

EXT REGQUEST
[ DI_XRAYSTOF

DOCUMENTO FOGLIO

NOMEFILE CLASSE 41
di
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ALARM 140
fi I R MHigh Voltage Digital Safety 0

DESCRIPTION

IRM digital signal is generated when High Voltage feedback signal crosses the 80% of the reference signal.
This digital safety is the interrugtgnal to main computer to start counting exposure time

In case there is not this signal within the first milliseconds, main inverter is stopped and 140 alarm is
generated on Control Console.

No High Voltage, or Low value of High Voltage have several sourcessdWolpawer, load in short circuit,
wrong ramp circuitsHigh Voltage arX

In case, for example, LB on R306.$x or R306.5x is not closed, radiography is made through limiting resistors,
SO no power output is reached

Another causs can be the hardware intterck.

VERIFICATION

Check that power circuit is in whole power condition
Check that resonant capacitor in resonant circuit is not open.
Check that transformer power input cables are connected and are not loose.

1 Mains power supply have to be equal or greatean 360Vac in load conditiondt only
correct line voltage but also correct line resistence
Check for the presence of the threephase lines
Check thatLBisdriven
Check that a minimum of 500Vdcpresent on power inverter
1 Check that resonartapacitance is at least 1.9uF
One thing to be check follows:

= =4 A

DOCUMENTO FOGLIO

NOMEFILE CLASSE 42
di
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gray | 1 2 gray RELAY SPS
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In order to precharge the DCrail capacitors, there is a Brm@ntactor on the switch bar called LA (pink).
It charges the capacitance through two 520hm resistors(pink).

When the DCRail is atlgeed with controlled current, the main contactor LiBd) is driven to bypass the
resistors.

Both the contactors are maged by Main Computer through POWER DISTRIBUTION BOARD

When generator starts a radiograpHye IPW signal is present (this signal inform the MPU that DCRail is
charged, even if LB is not driven).

If LB is not driven, the High Speed stadan discharge partially the D&Rbecause the power is feed
through the 520hm resistors.

After the prepaation is done the radiography is started, but if LB contactor is not closed, there is not
enough power in the DCRail capacitors to ralmpkV and you get this error.

LB is not driven until MPtb not see POWER DISTRIBUTION voltage sensor circuit Sgeesrior 134)

the path is this:

1 MAIN COMPUTER drives LA to switch on the sevices and start preloading the inverter capacitances

DOCUMENTO FOGLIO

NOMEFILE CLASSE 43
di
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1 MAIN COMPUTEE&hecks for IPW signal, produced BOWER DISTRIBUTION BIOARDIt is

present.
1 When presentMAIN COMPUTE®ivesLB

OR, another thing that can stop radiography is the following:

DOCUMENTO

FOGLIO

NOMEFILE

CLASSE

44
di
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ALARM 141

i D E X Exposimeter Dose too low 0
DESCRIPTION
During emission, instantanes dose is controlled.

The value of instantaneous dose is numerically checked against a minimurthoesteoldexpressed in
milliVolt and set up on each working station using the service software Navigator / Nebula Explorer under
thenamed a A Y AYdzY 5248 ¢KNBaAK2f Ré¢

VERIFICATION

Signal can be lower than minimum dose threshold for following causes

AEC Detector misaligned with tube
Veiify that collimator is operon the field selected

Verify that tube is rotated to the AEC Chamber used
Verifythat compensation santdags are not blinding the chamber selected fields
Terget Density too high and beam energy too low

Rise Energy (kV).

Rise Dose (mA)

AEC Chamber failure

Be sure that cable in not interrupted, theing avoltmeter read the signal on amplifier while emitting in
fluoroscopy(high kV suggestedijode without targets betweetube and AEC chamber:

[z =)

R Bl e

:\‘

DOCUMENTO FOGLIO

NOMEFILE CLASSE 45
di
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Connection Cable interrupted, AEC field not connected inside chamber

Test cable visually to determinabending or scretching, than tethe presence of a diode on every fiaid
generator arrival when using semiconductor chambers.

Furthers
£ Waorking station 2 (WS_2.WSh) Pe
General data AEC ] Continuous fluoro |  Pulsed fluoro |
il enabled, 2 points technique (kV & mA) VE Detector #: g 1 Permitted fields: |i |i |i
Min.dose contral [mV]: % 20 ‘-————— [ Left/Right inversion |

Max.dose control [mV]: g 10000
ET2 time (if AEC disabled) [s]: 3 0.5

Small focus curve index = 7 ... Large focus curve index = 7 ... {

(1 point technique (kV only): mA calculation

—Screen par
, El B B E
40 kv: T 200 z 200 I 200 I 200
60 kV: : 200 : 200 : 200 T 200
80 kV: T 200 : 200 T 200 T 200
100kv: 3 185 2 185 3 185 4 185
120 kv: i 170 i 170 i 170 i 170
140 kv: 160 160 160 160
= b = E|
" F 4 &
GainX1000: 3 5000 3/ 5000 3 5000 % 5000
mAs limit: 3 500 3 500 3 500 3 500
Confirm&Send

In case it happens only in certain condition, set the threshold lewekro

NOTE
Two way to check the dose

1 mV = EVEN VALbEcheck for signal level against minimum level written in this field

1 mV =0DD VALUEBased on actual dose af@€ msproject the final time based on actual dose
and compere this value agains maximum backup time for this radiography to determinate if it is
possible to terminate the exposure correctly

DOCUMENTO FOGLIO
NOMEFILE CLASSE 46
di
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ALARM 142

i | R A E XAEC Exposure Switch released during exposure

o

DESCRIPTION

Automatic exposre driveamission need the preseeaof following signals:

Radiography Preparation

Radiography Emission

Bucky reply

Instantaneous dose on chamber higher than a programmable minimum dose and lower than
saturation threshold

Thosesignal have to be present for the entiradiography

=A =4 =4 =

The signal that determinate the end of radiography is integrated dose reached the preselected.
On NON AEC technique, releasing one of the commands do not generate error messages

In Automatic Exposure ode releasing one of the command signals before radiography ends on correct
integrated dose produces this alarm

VERIFICATIONS
Check that bucky reply is long enough

Check that bucky reply has no bouncing phenomena

NEVER connect mechanical bucky reply toriggy input on GTB: mechanical bounce starts a new
radiography that is very short and, due to AEC selected, is generally shorter that correct dose integration
end, and this on the end of the bouncing exposure generate error

Instruct operator to releasednd-switch command only AFTER the end aiiography acoustic signal is
produced on control console

DOCUMENTO FOGLIO

NOMEFILE CLASSE 47
di
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ALARM 143
i T O E X' Ameout on AEC backup time 0

DESCRIPTION

Radiography in Automatic Exposition Mode provides a backup time that can be fine tuned bythsem
of exposure maximal mAs.

In case the correct dose is not reached and maxima mAs are expired, film can be underexposed and this
alarm notification informs the user that correct dose was not cumulated.

Generally rising-¥ay beam energykV) a Xray beam istantaneous dogmA)solves he situation, unless
a fault in AEC chamber or Amplifier is present

VERIFICATIONS

Alarm141analysigjives amethod to check the whole expaseter chain.

DOCUMENTO FOGLIO

NOMEFILE CLASSE 48
di
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Not present
DOCUMENTO FOGLIO

NOMEFILE

CLASSE

49
di
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Main computer internal check in glue logic
DOCUMENTO FOGLIO

NOMEFILE

CLASSE

50
di
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ALARM 146
fiX- RAY TIMER Safety 0

DESCRIPTION

In microcontroller firmware there is a task which acts as the Safety Supervisor board in previous generator.
The task checklso the correct termination of any exposure against digital signals AR Yreset time.

In case the main software do not close the inverter command within tRayXpreload timer, OR in case
the commands to the inverter are stopped but kV do not daseit will remove any command to inverter
AND drive down LA and LB contactors to cut any power on main inverter.

At the same time it will shutdown the filaments boards

In an electromagnetic front resets the main computer without producing error 13gestia high voltage
arc.

Clone of 136

DOCUMENTO FOGLIO

NOMEFILE CLASSE 51
di
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Not present
DOCUMENTO FOGLIO

NOMEFILE

CLASSE

52
di
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Not present
DOCUMENTO FOGLIO

NOMEFILE

CLASSE

53
di
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ALARM 149

i MA GHigh Voltage Current outside compliant interval

DESCRIPTION

o

During emission, High Voltage cumtés tested and regulated adjusting filament heatorgthe-run.

In case mA read value is outsi2Zl@%oof interval centered on nominal value main computer stops emission
and generatealarm149.

Most of @se it is a calibration problem: first try redoing the tube calibration.

In other case, when tube is old demits less that when is new, still is a calibration problem that should be
checked and corrected in yearly checks.

For a correct inspection, temporary mask 149 to see after at least 30ms the real mA value.

&1 On line generator disabled faults

[~ 136 XRAYtimer safety
[ 140 kv safety (IRM)

[ 152 Thermal overld

[~ 156 FLUORO timeout
[~ 160 TEMP-2 overheat
[~ 164 HVT not connected
[~ 168 kv too high

[~ 172 IPRIRA IFS on

[~ 176 ESU safety.STOP

[~ 200 Gates DC fail

[~ 129 PREP.timeout
[~ 133 ANODE s:

[T 137 Invert# unbal(1ux)
[~ 14 low dose
1 TERA XRAY stop

¥ (142 RADIO mA safety:
[~ 153 FLUORO heat calc
[~ 157 TU-1 Therm.Saf.
[ 161 xRAYoff safety
[~ 165 kv unbalanced
[ 169 Inv.1 shortCirc
[ 173 AEC high dose

[~ 177 Analog DC fail

[~ 185 FLCcalib heat LOW
[T 189 kv/mA unacept.

[ 197 ALTERA safety
[~ 201 PricurTrafo fail

Set generator default| [T ky/maA ideal (DEMO only)

[~ 134 PWS safety (IPW)
[ 138 TUBE sel.error

[ 142 AEC release

[ 146 XRAY timer safety
[~ 150 RADIO kV safety
[ 154 FLUORO kV saf.
[ 158 TU-2 Therm.Saf.

[~ 166 High prim.IPO
[ 170 RADIO heat calc

*

[ 131 FCB PWMao calib.
[~ 135 FCB safety

[ 139 DOCR safety

[ 143 AEC timeout

[~ 151 GEN off request
[ 155 FLUORO mA saf.
[ 159 TEMP-1 overheat
[~ 163 TUBE overload
[~ 167 mA too high

[ 175 CANbus safety

[~ 178 Act.SFheat mismatch[ 179 Sp.SFheat mismatch
[~ 182 Act.LFheat mismatch| 183 Sp.LFheat mismatch

[~ 194 IRA timeout

[ 121 Emergency button
[ 195 IRP timeout
[ 199 Inv.1 fail

[~ 202 ccB /o mismatch [~ 203 ESU safety.DISCHRG

[~ 206 Power safe

Save & Send

VERIFICATIONS

After calibration checked anadjusted, if Alarm 149 is still present, reBEN031 V1 R1 Filament Current
deriveto understand if Filament Board or Tube are working in the correct way or there is a thermal drift on

Filament Board IC
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ALARM 150

fi | K VHigh Voltage Analogue readout al armo

DESCRIPTION

Analog value of High Voltage must be within a 5% of interval accross set data
In case if is out of compliant value, emission is stopped and alarm 150 is generated.

Origin of wrong kV can be different

Main computer A/D conversion failuguring reading

Main computer DA conversion failurevhen kV is requested to Digital Controller
Effective Different kV produced due to low energy transfer

Interlockopen

other

=A =4 =4 =4 =4

VERIFICATION

It is necessary in mosf oase to visually inspect thagh Voltagevaveform to undestand what is
happening, and the best way to do it is connecting an oscilloscope to kV feedbacks signals

LYRANBOGE&@T Ay OFasS 2F INOKAy3 2NIJf2g6 (GNFyaFSN aa
involve the use of an odloscope

XL LISNE2YIffe& dza$S donnddtédd sedvice fompudiiakQ Alf (X &2 aS§peetdfiRtie (2 A )
useful waveforms, from line voltage using a 100X probe to reference/feedback signal, to H.V waveforms up
G2 /! b.dza LI O1SiaX

kV feedback readout error

Inspection is made masking the alarm generation in Global Configuration when using the serviaessoftw
NavGEN

This let generator make the whole radiography also in case of kV/mA outside compliant value
Ratio for Feedback signals are expressedchematics closed to test points
Value can be read and waveform can be displayed thriNepfGENservice software

In case there is a fixed difference between external measurement and generator data it is possible to apply
a calibration corretion factor, see service software manual for details
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Difference in High Voltage due to Low Power Transfer
In this case checks are oriented on power schematics:

Cheds on power Contactors grants the whole power to the input of main inverters
Checks on resonant ciriési grants the whole power transfer to loachain check is on resonant capacitors.

Check mains line voltage, it have to be greater than 360Vac

Check that the three phases are present

Check hat contactoisLAand LBare active

Check on power invertsifor the presence of DC voltage, and value is at least 500Vdc
Switch off generator and using a multimeter that can measure capacitance check resonsnt
capacitor value: it is composed by a parallel otapacitors rated.1uF:At leastl,9uFis
required inmeasurement to transfer the whole power.

= =4 —a —a A

Verify that interlock is CLOSHOs used on Converter Control Board directly to interlock gate signal to
IGBTs

FURTHER

Simulation of the single phase fault has been conducted in factory to face a problemrfacsohall studio
installation in which have been installed a threephase line power supply, but all the single phase users
where not shared on the three phases but connected on a single phase too much loaded during high power
exposure.

In those conditionradiography up to 32kW (80kV, 400mA, 50ms) fdide diagram reported below:
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l\k,‘_ "R [ Ready MPog 4000ms  TRIGGER

i

sSorgente

Pendenta

« Modalitd

MO

When Power is higher the frequency required is higher than the maximum switching frequency allowed,
and the bridge controller will divide by two the pulses. This will cedio half the output voltage.

TRIGGER

Tipo

Frequency
divided by two

Sorgente

Pendenza

d Modalita

CH1 1.00V
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ALARM 151
AOAB: GEN OFF request 0

DESCRIPTION

In ARM basednain computer and safety supervisor shares the same hardware and are different tasks
running on the same processor.

The interprocess communication daoe same as per physical digitad and power is released proding on
control console this alarm

VERIFICATIONS

& h 1¢GEN Off Rerqueist SNNE NJ Ol y K |-BIYLJdSay theReddhay &pofute leithér
in Radiography mode, Fluoroscopy mode, HCF mode

DURING INSTALLATION

The High Voltage Cables can be inverted:
lfgled OKSOl (UKS (dzoSQa 3Iflraa o6AYyR2@> 0S5
filament is visibly lighted in staraly.

The High Voltage Cable can be damaged:
It can have the COMMODIn unconnected, in this case, making a preparation and
looking inside the glass window of the tube, ONLY ONE FILAMENT have to be lighted

END OF EMISSION

At the end of an emission, two concurrent condition must be verified:

1) Analogvalue of High Voltage must be below the 50% of the emission value within 25ms in
Radiography, HCF and within 200ms in Fluoroscopy

2) High Voltage digital Signal (IRM) must be unactive within the same time
INSPECTION

C Mask the OAB switch off signal in Safelpe;rwsor board (Jumper in Program

I C '"{3 {2FG6I N8B {6AGOK Ay wonc®oE &9y
even if the alarm occur

Be sure the emission current is correct, a lower or no emission at all can

enlong the duration of high voltage tail

Using ascope visualize the High Voltage signal, IRM signal to understand if

there is a fault in high voltage or in the generation and propagation of IRM

signal.

([@f
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STAND-BY:

In StandBy state, MPU/MCU checks for analog power supply voltage (presence) and
filament lighting current feedback (300mA over minimum radiography lighting current as

maximum).
INSPECTION:

C Disconnect the filament connector on the High Voltage Transformer to avoid
over-current in filament ONLY IF OAB SHUT DOWN HAPPENS INBSTAND

C Mask the OABuwgitch off signal in Safety supervisor board (Jumper in Program
I C '{3 {2FG6I N8B {6AGOK Ay wonc®oE &9y
even if the alarm occur

C Check for analog power supply on MPU/MCU (+15Vdc-ab¥dc), the faulty
part can be a DC/DC reerter or an electrolytic capacitor

C Check ILF and ISF signal (on Navigator or MPU LCD), the faulty can be either in
DAC (command signal) chip output or in ADC (feedback signal read) chip
input.

C Check the filament board power supply (+15\+d&Vdc)

C CheckV/F and RMS chip on filament board

IDLE:
In Idle state, MPU/MCU checks for analegpower supply voltage (presence)
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ALARM 152

fi F K H JQube Thermal overload 0

DESCRIPTION

During fluoroscopy mia computer computes the heat produced on the anode.

Generally idow load fluoroscopy the standard tubes reaches a steady state, and heat produced is the same
than heat transferred to the housing, but in small anode tube the steady state may be at very high anode

temperature

When heat loaded in anode is closed to thaximum this alarm is generated.

In this case wait till the tube is a little colder.

VERIFICATION
¢t2 OKSOl YFEAYdzy KSFHG OlFLIoAatAGe. GKS (dzmSQa

Check for Anode Cooling Curve and compare it to the one stored in the genienatibe selected tube
using service programs

£ Tube 1 (TB_1.TBE) x

General data  Cooling data | Small focus | Large focus | Starter data | Dose data |

731.00 598.00 512.00 465.00

NHY
sanjea NHY

kJ values
K

0.0-7 v v
0 1 2

| 730.85 | 549.62 | 44062 | 384.96 | 34982

Load something..| [Save in T8_user| [confirmasend

G§SOKY
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ALARM 153
AACS: FI| u oy io Eilanoept lighting out side compliant value 0
DESCRIPTION

During Fluoroscopy preparation main computer checks for filament boaedibfick in order to establish
that the aurrent flowing in the filament(s) is the current required.

In case the current read from fdback signals is different from the one requested main computer produces
this alarm.

VERIFICHE

Verification is simila& to the one described for Alarm 15@&ee this alarnfor further checks.
Different feedback can be produced by:

WrongD/ Ageneration of reference signah main computef -> measure with a voltmeter)

Wrong A/D readout for fedback signal on main computér> measure with a voltmeter)

Failure in filamenboard (MOSet not working: MDSet working is hot, not working is cold)

Failure in filament power cable connections (unconnected pin can saturate filament transformer)
High Voltage Cables with loose connectjmspect High Voltage Cable headings)

Ferritesin H.V tank broken (during shipment can happen, not in normal job)

Filament in tube unstable (when tube is old or in particular tube positions, if possible remove the
collimator and look the filament light)

=A =4 4 =4 -8 4 A

Feedback returns can be inspected using the servi
NavGEN:I/O Signakection and the signal to be inspected &&&/OSE ILF/OSF

NOTE

In case of single board filament is possible to make test emission in fluoroscopy.
Remember that only the SF channel is used and LFO is a digital signal sisédhahe focus
selection relay.

In this case inspection is made only on SFO SFlI
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ALARM 154
AKVSC: F 1 u o ri oHigh 9ottage outside compliant value 0

DESCRIPTION

During emission in fluoroscopy mode main computer chétigh Voltage KV) feedback signalaluesfrom
High Voltage transformer.

In case the value diffefrom the preset value main computagenerates this errar

VERIFICATIONS

Verification is simila to the one described for Alarmi50, see this alarm for further checks
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ALARM 155
i D1 F Eluoroscopy i High Voltage Current out of tolerance interval 0
DESCRIPTION

During emission in fluoroscopy mode main computer checks high Voltage Current (mA) feedback signal
from High Voltage transformer

In case the value diffefrom the preset value mainomputer try regulating it moving filament lighting

In case regulation is not possible because mA are too far or there is a too low emissiomgires
generates this error.

VERIFICATIONS

During installation always perforanFluoroscopy Automatic Fiteent Calibration using navigator / nebula
Explorer.

Check high Voltage cable, in case clean the headings and look that there are no creepages in the headings
Usingservice program t@erform a Fluoroscopy Automatic Filament Calibration.

Look feedbacks frorfilament inverter board and, in case the current fluoroscopy focus has non similar
feedbacks make a calibration on the other focus

In case values are not stable, see Ald®i for suggested further checks
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ALARM 156

i N F L TRatient Time Limit in Fluoroscop yo

DESCRIPTION

wonc ®nE &t NErEohirorCohsoi¥2® US1{arid USO softwarluoroscopy Timer stops
emission when cumulated time reaches the configuration time lént Q .2 ¢ QU

A timer reset is need and operator can start a new flsoapy session.

InR306.4x generators equipped with52 (Touch Screesdftware, R306.3x and R306.5x the only timer
GKIFIG adz2Lla SyrAaairzy Aa | ol O1dzld GAYSNDIRG60.600.227 2 F O
Il edizione

Control Consolémer is only use to advice the operator that time is expifexgpired.

VERIFICATIONS
Ly OFasS (GKS FT220a6A00K Aa y2i NBfSIraSR F2NI mnQ SY
AGAIN TO RESTART EMISSION
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ALARM 157, 158
i T E R MThermal Safety Tube n°l o

fi T E R MBhermal Safety Tube n° 20

DESCRIPTION

Input for Tube Thermal Safety are present on general terminal Boards to stop emission wheheturbe t
protection is open.

Safety is not unactivable or maskable, so, generator default is a wire jumperrgnoved during
installation and replaced with real tube thermal contact

When tube n° X is select, opening contact for Tube n°X produces this(@&RMX)

VERIFICATIONS

R306.3x GTB

0 voe| 115
{mmm« eREP. swiTcH| 114
ToMO Al 113
g 0 voc| 112
SPARE IN| 111
SPARE IN| 110
TUBE TERMAL SMFETY( 109
lsc - 108
iec_+ 107
0 voc| 106
0 voc| 105
o voel 104
+24 voe| 103
+24 voc| 102
+24 voc| 101
GBI GTEIOD

000000004
= O Wo0000000
o

TUBE THERMAL SAFETY

GTE 106-109

GleleloloRioelk

Be sure, using a®@hnmeter, that resisance betweenGTB10&nd GTB109s zero

In case resistace is NOT zero, i.e. the circuit is open, inspect cable and tube safety to see whereuihe circ
opens (cable inspection is made shorting on tube side the two terminals)

In case the cable is conductibgt when tube connected the circuit is open, AND the tube is not hot,
addza LISOG | FnhickofswirdhBlickkoyf (1 dzo S Q&

In caseGTB106to GTB109neasure a short circuit, veriyEDDL3.1t sholud to be ON

In case LEDL3is ON the problem can be locatedMCU input of Flat ribbon cable from Mcu to General
terminal Board

Switch OFF the computer, remove the cables and clean the contacts with a contact cleaner spray
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In case the LED is OFF thry shorting temporary the optotransistor junction to insplect fight: if LED is

4148

ok it must lit- R4 Ay OFasS Al R2SayQié Gdz2NyYy hb (NE
Thermal Safety input is changing status while changing the input

O
ovde

Check also the series resistor using an Ohmmeter and try removing the proteictémid case on diode a

24V

1
R4
1.8k

A
/
=
5

H o
short is measure A

R306.4x EGTB
Input circuit is analogous to R306.3x circuit

TUBE 1
THERMAL SAFETY

+ M Vint RII% oy
@ — < M_TU I them

s
10 |+

| o TUBE 2

THERMAL SAFETY

DYLA0 5054 +24Vint o
S ety oVde R223
E TLPZ80-4 NN % [1_T112thrm
R225 - - 15058 W &I:i‘
4.7k R237 0Wde g
S DL51 "'HI‘ tip280-4 10uE
-
0V de

3 Ik

- R2249 B30
JPZ5
TITHERM'S 4.7k 12k
0Vint JP26
TITHERM ¥3 . 0 D:L
DHMSAF 32— -

Use JP25 and JP26 to bypass the safety when not connected, or makejamyies on GTB:
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i
!
GTE END DUT -> MLU JIB [
. .H.ﬂ.[l- ‘ otooooeoomﬂl
[ E RN EREE R NN]
i
@PTE®
GTE 100-200-300 US -> MLU J14
M ‘ nl-oocl'omJJ
‘. |apa sEBEREREDS
a Lt !;
® |7 mmgs
JpP2 - GTE END. IN => MLU J10
@ . E; BE L FEREBBBRER
e :‘ ‘P‘M JP1 ; LA AL L LA A LY ]
®— B.B.8
§:“"E¥E¥ GTB 400 -> LU J8
— oraas ovac nt[ B TR ]| oBeBeB | srreziiiie )
GTB347 DOOR OPEN SAFETY ) Ell" HDH
GTB346 OV int| | P
TB345 TUBEZ THERMAL SAFETY| < , @ |3|5|§|§|ﬁ|3
. lmsq: oW int O ¥4 . GTB_100-200-300 > MLU
! @ spare -
[GTE343 TUBE! THERMAL SAFETY J@ na [ .lt.wllloﬂ |
[w] LA 2 N A KRR NN ]
GTE342 OVdc Int |[ jag [ Ta] - m -~
R306.4x CARDIO INTERFACE
+24\de
TUBE THERMAL
SAFETY
[ DI_Tulthrm % DL19
Yellow
47 [
4.7k
n:..l:"l'ﬂ
alalyl=] +24\de
to J18 MLU to JI0 MLU
T on ]
o B3 B B3 0O B8 ®0 s
i B gy pa Ry 3o Baras
SED nofopz 0303 03163 63 o
— . gs . EA FA B O RD 0 v
e WETR Lo mmpmme gD
EE%,E gg E [© a3 = @]]] :H\:',::AL SAFETY
EE_E% nm‘.; %1% 3 % GRID COMMAND
LS i JEd
= e Jem = @
o Vo), K2 @ m_mg_;jm ™ g 13 .
93 pLell JED FS5] ™, : TART
EEQ nl;g%%l&ﬁﬂ g %:: :_R:!:lun_:;fpw START
Em nLE:[]‘I @;gg @]Wk o vac
m%’i; nLijE&H . % ” % an
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ALARM ALARM 159 and 160

Temperature - 1 and Temperature - 2 Overheat

DESCRIPTION

There are two temperature sensors in the generator.
Adually are both mounted in the main inverter but only one is used to start the inverter ventilation

The temperature port is located directly omain computer board:

LMD

+3.3Vide

127 1133

Ve DX

SCL DX2

08 0 spa Do
°d GNp D4

T THPIZE

;

d

GND

EOORE e
|

In case the sensore are disconnected the sensed temperature rise at the maximum so main computer
produces the error, if enabled:

CHECK FOR CORRECT CONFIGURATION

£ Main configuration data (Gb_0601.Clb) m] *
Identification
Controller s/n: 601 Year: 2020 Month: 7
Comment: |demoASSING Notes:
HW subsystems Limits | Techniques | Options | Heat parms. ]_
-G 1{
Max kw: 65.0 Max kv: | 150 Thermal balance warning [%]: g Qo
~Radio
Min mA: §1‘ 10 Max mA: g 800 Max time [ms]: g 6000
Min mas: g 0.1  Max mas: %‘ %‘ no limit
Pulses
Max kw: 0.0 Max mA: 0 ‘
Temp ures
Warning: set > 93, res < 83
T1 sensor: g not present
warning: set > 93, res < 83
T2 sensor: g not present 7
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&) Main configuration data (Gb_0601.Clb) - ] x
Identification
Controller s/n: 601 Year: 2020 Month: 7

Comment: |demoASSING Notes: |

HW subsystems Limits ]Techniques ] Options | Heat parms. ]_

Pal +

Max kw: 65.0 Max kv: | 150 Thermal balance warning [%6]: g =l4]

~Radio

Min mA: g 10 Max mA: g 800 Max time [msi]:§I 6000
E |
b |

Min mAs: 0.1  Max mAs: §l 600 %‘ no limit
~Pulses e

Max kW: 0.0 Max mA: 0
~Temp: ures

Warning: set > 40, res < 36

T1 sensor: %‘ digital iff (T2Cbus) N

MWarning: set > 93, res < 83
T2 sensor: %‘ digital iff (I2Cbus) A —

Confirm&Send

In this exampleT1 is enabled and works as VENIODMNAABOVE 40°C
T2 is enabled just to test the presence of the sensor.

In case there is an overheat alarm but the system is cold, you can swap the sensors or disable temporary to
test with a new sensor board

DOCUMENTO FOGLIO
NOMEFILE CLASSE 69
di

EENL104 V2 R1 ODEL Generators Alaom&\RM BASED CONTROLLERS.docx 13 111




EEN-104
ALARM ANALYSIS ON ARM BASED
ODEL X-RAY GENERATORS

V2 R1 enc

2020-09-08

ALARM 161

fi | X S Axternal Emission Interlock o]

DESCRIPTION

In ARM Based generatdPDis used as-Xay interlock managed by remote tilting tables

VERIFICATIONS

ENDEAVOUR GTB
Check on External Device that Interlock is closed whBayemission is request

Check that cable which carries this signaBGtbB400 is not an open circuit

In casethe signal arrives properly to GTB400 check following items:

22
IN4148

L 24
0.TuF

Al

GTB44Y

Check 24vdc presence on interface.

Manually short GTb453 to ground to see if it works

Check resistor R24 value for correctness.

On GTB400heck LEML23temporary shorting piri3and 14 of ISO6.

In case DL23 is not lighgirmaybe 24vdc between A and K are present (LED GBEitorting it and check
on navigator, i/O section, if IPD signal respond to dpkseactivity.

In case DL23 is lighting shortitig output of the optocoupler, the problem can be on optocoupler itself or
the protection dioc in parallel to the photled.

The protection diode can be removed for test
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Y gEh s GTB206 BUCKYI REFLY CTE
“_]E_I GTBRES BUCKY 3 REPLY £TL
@ = o ) GTBE04 BUCKY SUPPLY
34t g b2 ] GTEE03 GROLND
T_XRAY s I nnﬁ"’mﬂ i TR WUCKY 3 SUPPLY
X-RAY W E' [ & (0] GTE0L BUCKY 3 CALL
STOP [ e T
#4000 [fNER RES GTBL3S ANGID STEP ATV
el IR Rz GTBLIS AEC DFF
I:k' - RS0 dn X2 HET GTBL34  EXPOSE REGUEST

ol e i OE PR €5 GTBE3 K-RAY SAFETY

RBOD §7E0 HES sscodiaf] Fe2 GTBI3Z CIME REGUEST

[ ] .
L N e u"é:g EImal: : :%: CTRS W Ve Wb
i ) ol o S
R4 SICOGNNG K
. ; wal =
sisguisn e el 4100 Bogf 59 g GTRL3 DOIE DECREASE
s O GTHES IOE INCREASE
L= By O GTHEE AUTOMATIC DOSE
mal RSP GTHET WCF REIUEST _
e PR EeH TS GTH26  FLUORD BEOUEST
OO Tnuas oLEGL 0 Ba B GTHEI 0 Ve Wt
Yk o RT=O00GS o &
Shome L agy [T [ e

CARDIO INTERFACE

FORCED EMISSIO
EXTINCTION Nagvac
EXT REQUEST

| DI_¥RAYSTOP ﬁun

to be connected on JP11 hot pin

NOTE

Test on EGTB and CARDIO INTERFACE hardare as described before in ENDEAVOUR GTB description
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ALARM 163
i T OV L Twbe Thermal Overload during  Radiographic Sequence 0

DESCRIPTION

On every radiographic pulskoth in Cinematographic segnce or in Angigraphi¢Radiographic sequence,
with or without AEC the main computer comput@sdates the Anode model to elaboratiee effective
Anode Thermal load

When80%of Maximum Anode thermal load is reached, the user is informed that soon theeseguvill
stop automatically due to maximum heat stge .

If user keeps on emitting, whemade reach 100% of heat loaded in the@ethe generator stops the
sequence to prevent tube damage and generate this alarm

Resetting the Alarm the sequenceadmot restart till 80% of thermdbad is reached
In this case the only thing to do is wiag that heat stored in anode is transmitted to the housing

In the while it is possible to start emissionfluoroscopy in case there is the need to end the exam in
emergency

VERIFICATIONS

When this alarm appears during the exam procedure review the Tube Data to be in accordance with tube
characteristics and also review the exam protaaotording to tube charaetistics

In case the exam procedure is corrartieckthe tube charateristics memorized in generator to match the
tube technical data.

In this case analyze the anode dissipation curve and heat storage against tube technical data from tube
manufacturer

NOTE

Tube thermal characteristics are memorized in tmhbedel present in default library and are loaded when
tube is load from library

In CINE mode the curve is automatically computed.

It is also computed the TRACK heat, i.e. the instantaneous heat of the surface of the anode when loaded
with high power, thizan produce the error even if the anode is cold but the instantaneous power is high,
so to preserve the anode surface.

DOCUMENTO FOGLIO

NOMEFILE CLASSE 73
di
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ALARM 164
A | ST Migh Voltage Feedba  ck signal  not connected on Transformer o
DESCRIPTION

OnARMgenerators a digital input in main comigu senses the insertion of feedbasignals (kV mA)at
ribbon cable (or RJ45 in R306.5x) in High Voltage Transformem(ainrcompute).

0 ‘0 Gl ]
m;:u« ""_m':»:.'-x:w.

| I
2y A Nﬁ 1 h
O @

Connecting flat cable connector in High Voltagesformer, signal STP is activated

(LSRN SR TR

o

J11LH5X2
+35V1de ihv+ 1 2 ihv-
vt 3 | 7 | [4__ihv-
0V2de © A g + + ; O 0V2de
- ravzumra B 0 O 0V2de
R14 X
stp ]| 4.7k
L cis
0.1uF
0V2de
Signal SPT is then processed into Digital Controller |— . and

informs main computer of correct insertion of feedback cable in High Voltage transformer

DOCUMENTO FOGLIO
NOMEFILE CLASSE 74
di
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VERIFICATIONS
{¢t aATylrt Aa OSNAFASR Ay SOSNE 38ug dihlthé sighbl STR ik G dz&
active

NOTE:

In case STP signal error is appearing not in SBarlout during or at the end of a radiography the error is
due to an electromagnetipeak caused an error in STP signal readout (it is the digital signal ¢tobéegt
Voltage)

This is a symphtom of High Voltage discharge

So when generator is OFF remove High Voltage cables from both Tube and H.V. transformer side, clean the
headingsbeing sure that nalirty or carbonized silicon or crpage in the badings

After it, in case the problem is representing back, suppose an high voltage arc in tube and follow
instructions seen in other high voltage related alarms for tips to check this possible cause

DOCUMENTO FOGLIO

NOMEFILE CLASSE 75
di
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ALARM 165
fi | B L Xigh Voltage Unbalanced 0

DESCRIPTION

Unbalanced High Voltage generally IS NOT a symphtom of Tube arching because there is no ground
reference between Anode and Cathqdmit it can be related to H.V. cables, H.V: transformer, or computer
analogue converstions

VERIFICATIONS

The possible sourseare enumerated below:
1)kV feedback is measured on MCU.

in this case set fluoroscopy manually to 40kV, place a voltmeter on bitftge tank and verify that

your kV feedback is balanced as per following procedure WITHOUT REMOVING THE HIGH VOLTAGE
CABES:

in case you see High Voltage Balanced but still you've the error 165 maybe the problévtCis-

Feedback read circuit.

2)kV error is a Real High Voltage unbalance, this means one of the two pole is shorted to ground

in this case the origin of thiawult can be:

- High Voltage Transformer: the rectifying diode inside the transformer are in short circuit

- One high voltage cable shorted to shield

in case of effective high voltage unbalancing follow the procedure WITOUT HIGH VOLTAGE CABLE

BEEXTREMELY CAREFUL!!!

Remove the High Voltage Cables from High Voltage Transformer (better is to fill the head with 1 cm of
dielectric oil)

DOCUMENTO FOGLIO

NOMEFILE CLASSE 76
di
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—————
& NavGEN 1.15 2020008431 compiler <= 2012, US3 HF_0601 21.22.103 2020\07\28, EPLD v3r2_6 US3 IGBT

View/Edit Special commands L‘

= I I
v e,
WS4 No Grid Tube_1 (VAREX VAR G1092 H ) cfg/data.. Jtevsma ideat | ‘.i".
Anode start HS Track Tube [KI] | HVT [ka] H kI .
node starter rack[ms] k] [ki] Housing [kI] T U Radio 1 ca
T o nat running |_ 0 0.00 0.00 0.00 =

,‘Work
# ideal setpoint actual 3PT

i
x

rs

rd b Small focus heat [mA]: 2300 3511 3469 Dose err.[mv] ||
E Large focus heat [mA]: 2500 3538 3199 -19348 kv| <
Radio } Continuous fluoro } Pulsed-fluore ]_ mA| <
~Current tecnique: 3PT (kV mA 5) f
Anatomic tech. active B heat| <

Program nr.: 0

AEC not permitted CINE not permitted
[ = p——m—

£ Tube 1 LARGE focus RADIO adjust - b0 X £
Patient size: normal Tuning ]Autumalic calibration HV test IManuaI calibration ];
~Prevalues. Maxval \ I
- 91 A 1 HV test not yet t 4
4.5 ‘est not yel resef
k;zzs 50 mA . 800 yete j
- 0.050 s sogb kv setpoint:é‘ 40 - [
7725 mAs et
heat teo/act [mA]  coef
3822 /3752 | 1000 [ —
7 HV positive side: 51
Kkv: 34
HV negative side: 89
Switg] Not in RADIO calibration Fault reset‘
kv XRAYidx Heat[mA] Pre mA Last act mA
G0 40 0 0 0 0
Select ADJUST and HVTest Radio
Preset HV test .
Press l I leaving the value at 40kV
Closing GTB118 to GTB119 you can start magstgyith filaments OFF
Actual values
HV positive side: 51
k\v: 34
HV negative side: 89
In display on the right side there are the total kV,

on left side the readout of the anodic and cathodic values.

In normal condition anodic and cathodic value should be half of the total value.

DOCUMENTO FOGLIO
NOMEFILE CLASSE 77
di
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ALARM 166

fi | P OMaximal Current allowed in Resonant Circuit 0

DESCRIPTION

If current flowing in resonant circuit, i.e. imverterresonant capacitor, resonant inductor, primaiges of
High Voltage Transformerross a fixed threshold means that a power overload is sensed on secondary side
of the High Voltage Transformer

Current overload on secondary side is reflected on primary side overcurrent.

This Primary side overcurrent is due generally to an High Gepltage in High Voltage secondary side, to
be filled without ramping, i.e. witkV controller in stady state phase and not in rarap phase

In rumpup phase (kV rising interval) current is controlled controlling the reference kV ramp, in steady
state, rekrence if for final high Voltage.

In case of short circuit on secondary side, voltage drop down, and if discharge is in vacuum, at a certain
value of kV dropped, arc stops and vacuum reset its dielectric costant (no ionization phenomena present).

In this while, the kV controller forces a frequency rise (or drop in case of R306.5x genevritho)t a
current limiting ramp and this overload the resonant cirdilithe safety circuits stops it before the power
senmiconductor are damaged

Oonwonc ®o E2 deNE RS | Wo n c ®n E prinanhsRieloNdent flowidgGnd résdgnsnt circuit is
sensed inside the main inverter through corrent sensors

2x118x@ O%l AAAOI 606

| :.lf |-,I |
i ik - T - ik

LJ
i

¢ KS (')dzNJ\LEy(] AY i NJ yaa i 2 y a Nl:@D@raﬁ@u&inﬂluslénﬁes dwiheit Y | NB
transformer.

T4
Tl

This signal is sent directly to MCU to be processed.

DOCUMENTO FOGLIO

NOMEFILE CLASSE 78
di
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w30
ﬂ
-y I=1/500%]p
|||=I-:Ei JX Zk (334 V=5/500%p  |pk=3T0Amp
LD

threshold=3/500%Ip

D15 Eﬁ gH'L_I% R

chrs

ICTEIZC o
Cr—————e TP
| IU";r_'l:!': z[s |1J|::I;.I_;1|l!|-lzlS {‘%I]
— .
JI:.IJJ.::I i

Current is rectified adnd a 5 ohm dropdown resistor translate it in Voltage signal.

il

+ | jrep prsterions a [0mds jpd0
I jrop prikeeion: o Billed 38
H hrulgg 3 jig proodesions o BeA, jpdl 330
RI5T
X, ik
current
P45 TP
K11
B ik
Cla—— BRI R163 B154
0.1uF 7T 2k ¢ 47
15V &l
i.ll’-l- P
W 2o o
it
R132 T
e

- Tk . == U163
L0aF | D12 1F
1100
[LSR
v ade

Signal is then compared with a fixed current threshold fixed by jumper in fagtmgrding to Inverter

t 26 SNJ 2dz0 LJdzi OF LI 0 AfAGASEAET APSd F OO2NRAYy3I (2 3ISYyS
In case the measure crosses the limit reference it is produced the IPO signal that enters in Digital Regulator
logics and stops the gate signals immediately to presdredGBTand puts generator in Alarm Status

2x1i 8y@ O0OI COAI (8&8 5356

[,AJ ......
T/A
Ti
= Chr ;{33]{
% R67
10 R34
= Ly 33k
DOCUMENTO FOGLIO
NOMEFILE CLASSE 79
di
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The current measured here, multiplied by the number of capacitors is the current flowing in the inverter
module

Transformer ratio is500:1thus grant25Vfor a1000Acurrent in themodule
The inverter produces a balanced signal analyzed by GCU

ThenGClkircuit to sense current flow in resonant circuit is processed by the number of inverters present
in the system and enters in the Digital Regulator in the same w&Casr MCU

R35
47k

Ucross
g3y TP29
33k

Ooross

LnaC
LM339

VERIFICATIONS

Using an Ohmmeter, or better a Megehmmeter,measure the insulation between primary side and
Ground to be sure thad the overcurrent is not driven by a burof insulation between primary and ground
shieldinside the transformer

Smellinside the transformer through the fill cap to be sure that no acrid smell of burnt oil is sensed

Thensuspect a High Voltage discharge and follow instruction to understand if it is produced in tube or in
high voltage transformer.

Notice, even if you heara dry noise in the transformer the arc can be produced in the tube:

The noise origin is the instantaneous dilatation of a resistor put in series to the load that, when tube is
arching, support the whole voltage still present in the high voltage capaditside the transformer.

If the radiography is long enough there is the possibility to see the wavefoavGEN

DOCUMENTO FOGLIO

NOMEFILE CLASSE 80
di
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ALARM 167

i 1 MA Xlaximal High Voltage Current limit crossed 0

DESCRIPTION

High Voltage value is compared to a fixed threshold to stop the Magrter in case of High Voltage
Arching or completely wrong tube calibration

1639 sy
[ 15
- ADS221 <10V = 1500 mA
bEl 4
= P4 4
15vee

i7
1 CH0

Yellow path is the reference value for the comparator, RED JUMPER is the comparator test, rose jumper is
the microcontroller input test

VERIFICATIONS

Suspect a High Voltaglkscharge and follow instruction to understand if it is produced in tube or in high
voltage transformer.

Notice, even if you hear a dry noise in the transformer the arc can be produced in the tube:

The noise origin is the instantaneous dilatation of astesiput in series to the load that, when tube is
arching, support the whole voltage still present in the high voltage capacitors inside the transformer.

If the radiography is long enough there is the possibility to see the wavefoavGEN

DOCUMENTO FOGLIO

NOMEFILE CLASSE 81
di
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ALARM 168
i IKVX High Voltage crossed 166kV fixed limit o

DESCRIPTION

High Voltage value is compared to a fixed threshold to stop the Main Invartaise of igh Voltage out of
control.

kv+andkV-3 A 3y £ 43 O2YAy3I FTNRBY | AIK +2fsimmadS ¢ NI} yaF2N¥$

0t mount
-10W=200kV
0.5 '_r‘isl1nuk NM_ /32 kVibk TPI3
.3 .

0..100kV FZ13  FZI4 {'lf(;:‘ LY
Ve (0hm_ 00hm . K »

_ I T é i 1k

R28 -l
DI 2 sy P3 _
not mounted 11.5k €49 E ! 100pF
N2
aznd T
=) 2
l{'li ! 100pF é ::; ] 100pF
o4 R7 MMz FE
not mounted 11.5k i]! JP1
£ l;llf‘) R7% 82k
-5V e 100k 2 LoB
8 ooy 00hm  O0km )
™1 = |
-Vibk s,

LF34TN

IPIE = 155 kY
P23 = 135 KV

This signalare compared with a programmable fixed threshold at 135kV for cardiac generators and 155kV
for standard generators.

RED jumper to test the comparator, PINK jumper to test the generator input.

NOE:
The same signalisused fork\2 2 L) O2y G NRf FyR NX3IdA FGA2y> a2 GKS |
that kV feedback is unconnected (STP SIGNAL does it and alarm is 164)

VERIFICATIONS

In this case it is spected a failure present on operation amplifighichrealize the safety dueotthe
presence of kV signal, and regulation.

tKS 2yte OFrasS Ay 6KAOK Al Aa LkRaairofsS G2 KI @S GKA
regulation with absolutely no load

DOCUMENTO FOGLIO
NOMEFILE CLASSE 82
di
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Ly G4KAa OF asS 3&dza Msudiior éhthddecdbly @ dhBr&rcuil & faméntizd sBdR &ircuit
even if there is the correct current circulating into the filament circuit, the filament is cold, so no load.
Operating an hity current radiography with high kV, the ramp regulator can override the limit.

Inspectioncan be made checking with an oscilloscope the real voltage output and the real current load .

DOCUMENTO FOGLIO

NOMEFILE CLASSE 83
di
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ALARM 169
il SCX: l nverter in Short Circuito
DESCRIPTION

EANAN

FM: SHORT CRCUIT
504 Do IN4148
sC2 a0 e e :’“ﬁ
K] 3 o
- . R6E o
50 1 muH 1M1 48 Py - ’\T

IGBTDrivers checks the current flowing in every power module when the power module is switched ON as
voltageRNRB LJ 2y Il GSQa NBaAadz2N®

All the checks4) are QRRd in one signal that represent the logic status of the IGBT before and while
emitting. (This can be used dag emission, IBLX cannot be used because the bridge is unbalanced when
inverting..)

In case onéGBTis damaged it can short Gate to Emitter and this keeps the gate supply voltage closed to
ZERO instead ef0Vdc while in OFF state

This situatiorwhile IGBT is OFBr an overcurrent in IGBT whil6lGBT i©ON produces sign&CDwhich
stops immediately (via hardware, not software) and on Control Console is displayed error 169

It is possible to measure the voltage produced by this oscillator, or usiogciloscope it is possible to
see if the alternate current is flowing on primary and secondary side

DOCUMENTO FOGLIO

NOMEFILE CLASSE 84
di
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ALARM 170

A T A RCalibration table corrupted 0

DESCRIPTION

Current focus filament lighting computation according to data ently visible on ContrdConsa¢ has
returned a faulty value.

A faulty value can be a divisi by zero in case data are completalyt existent, or can oveifcross the
maximum radiography lightingarametet

This condition can be produced by a manual calibration not ended or MdRdim corrupted

This condition can also appear when Calibration Fast Tuning parameter is very high (closed to 1100) for
high value of mA emissioig40kV 500mAor example

VERIFICATIONS
It is possible to graphically display the calibration curves tolcifabere are irregularitiesisingservice
manual(Navigator / Nebula Explorer).

In case of non monotonic growing data calibration can present emission points lacunae.

Inthose cases it is suggested terfprm a complete Automatic Calibration on theroneous focus to reset
the adjust coefficient to 1000 according to calibration procedigscribed in section 3 of the Technical
manual

DOCUMENTO FOGLIO

NOMEFILE CLASSE 85
di
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ALARM 171
i T A R E NCBlibration Radiography ended in correct way 0

DESCRIPTION

In order to follow a different software path while calibrating the radiography emission in the generator
usingNavGEN is produced a false alarm managed by main computer and service program, invisible to
Control Console.

VERIFICATIONS

No verification areeed, it is a system generated false error.

DOCUMENTO FOGLIO

NOMEFILE CLASSE 86
di
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ALARM 172

i F 1 S VWctive Emission Command while changing status

o

DESCRIPTION

When generator changes $tas (inner working status IDEISTBY or ERROETBY for exaple) changes
Working Station main computer checks also the status of following inputs

Control Console Preparation Key
Control Consol Exposure Key
Preparation Input orGeneralTerminal Board
Exposure Input on General Terminal Board
Fluoroscopy Input on generékrminal Board
1 Bucky reply on General Terminal Board
In case one or more of those input are found ACTIVE, generator produces alarm 172

= =4 =4 =4 =4

VERIFICATIONS

Verify handswitches diootswitches not mechanically stacked

£ Digital INPUT — O x

Commands

Generator ON = OFF Generator OFF = OFF RADIO PREP cons = OFF

RADIO PREFP ext = OFF RADIO XRAY cons = OFF RADIO XRAY ext = OFF

FLUORO XRAY req = OFF FLUORO dose inc = OFF FLUORO dose dec = OFF f
Settings

AEC disabled = OFF TOMO enabled = OFF TOMO mode O = OFF

TOMO mode 1 = OFF TOMO mode 2 = OFF TOMO 40 deg = OFF §
TOMO 30 deg = OFF TOMO 20 deg = OFF TOMO 8 deg = OFF

CINE enabled = OFF CINE man = OFF CONT.FL enab = ON

CONT.FL man = QFF PULS.FL enab = OFF PULS.FL man = QFF

Angio step req. = OFF EXPOSET active = OFF Potter reply 1 = OFF E
Potter reply 2 = OFF Potter reply 3 = OFF Potter reply 4 = OFF c

ThroughNavGEN is possible to inspectlso digital input status iHO Section to verify if inputs changes
when a different status of that input is imposed by extal temporary shorts

DOCUMENTO FOGLIO

NOMEFILE CLASSE 87
di
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DOCUMENTO FOGLIO
NOMEFILE CLASSE 88

di

EENL104 V2 R1 ODEL Generators Alaom&\RM BASED CONTROLLERS.docx

13

111




EEN-104 V2 R1 enc

ALARM ANALYSIS ON ARM BASED

ODEL X-RAY GENERATORS 2020-09-08

ALARM 173

AHEXP: da&tecr out put closed to saturation o]

DESCRIPTION

AEC dose is routed to a digital comparator / integrator comapartor to stop emission when correct dose
level is reached.

AEC dose is read also in analog way from main computgreck for minimum/maximum instantaneous
dose.

In first milliseconds of radiography emission, when in AEC technique, main computer can stop emission in
case the dose is too high, cloesed to camera/amplifier saturation

This because a saturated chamber/amplifier has a longer exposur result and most of time the film is
overexposed.

VERIFICATIONS

It is possible to measure the istantaneous dose on aplifiers using an oscilloscope

A dose closed t@OVproduceserror 173

Doselevel have to be zero while generats in standby state

Different value of dose than zero indicates a wrong fiorality of dose Amplifiers

Dose amplifier should be at ambient temperature, hot amplifiers indicate failure in chips.

Point used to checltose is shown in following image (the sum of the three doses; for a deeper inspection it
is possible to determinate also which is the field that has the ampilier which gives a wrong dose output).

NOTE

It is possible to select the other channel to make saene dose test (changing the configuration also on
Navigator / Nebula Exploreto determinate if the error appears again not.

DOCUMENTO FOGLIO

NOMEFILE CLASSE 89
di
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Not provided
DOCUMENTO FOGLIO

NOMEFILE

CLASSE

90
di
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ALARM 175
ACANB: CANEWS

DESCRIPTION

When local CANBUs in error, on control console appears error n. 175.

After that Control console goes in IDLE state because in CANBus error mode there | no data exchange
between control console and generator, or it is deifficolut and system is goin in timeout on ntbst of
packet reducing the data transfert speed.

VERIFICATIONS

T
1

Using an Ohmetewerify that CANBus Power Supply ZER®nsected to Ground

Verify that Control Consolground cable is connected on Ground Node over High Voltage
Transformrand connection is not loose

Using a Voltmeter verify the CANBus Optoinsulated bus power supply:

it works properly if 4.90V < Power Supply < 5.1Vdc

Verify, using a finger in case you have no temperature probe, that CANBuUS transcieversalyenear
82C250Q or in new project a TJ10Dthe temperature: it should be ambient temperature: an Hot
transcienver generally means that transceiver is not working properly

Do the same test on SJA1000 CANBus controller on MPU, MCU, GCU

Do the same test oMCP2510 on Touch Screen Control Console and (R306.3x) on Safety Supervisor
Board

On both generators the BUS power supply is produced on main computer, hvasatify:

Power Supply = 5Vvdc

Line impedence

600hm

Disconnect line protector
Check Control Gwmole cable path
Check that chips are not hot

DOCUMENTO FOGLIO

NOMEFILE CLASSE 91
di
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Not provided
DOCUMENTO FOGLIO

NOMEFILE

CLASSE

92
di
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ALARM 177 - Analog Power Supply failure

This alarm intercepts a BAD ANALOG POWER SUPPAWNoGMMPUTER
In this condition MPU cannot keep on working until the DC/DC converter, carmadeg chip which draw
down +15vdc, is replaced (...read this as "until MPU is replaced").

It is possible to inspect the problem with a voltmeter:

C l3 TPr3 +EWee

mj’—— AR
. W [ - 4.TuH 0l
MAXssE IRFT8052
?uJ
SHDN WEXT |2

agod 2 s [
FREQ
LD o
o2 rm 5 s 0.033 ;Z
REF 3 £ InF

R19

22 wi | 0 ?‘rm |
23nF T DI3 . 0 —0 415V
5 +—8 @ MBRS340T3 C52 ]‘ PTCS50 O
= O sy 100uF T~ ¥ s _Liour J
' SE?:\: IR F T4 =y DLI —_ ==
& ) 3R Gireen C55 C310 |+
agnd MBRSHMOTS 0 luF RS 100uF
TN 5 -
c2 agnd El'q_x_.'t;g 4 - A e TPih TE24 3 1k$ 100uF ol
DATuF, o | maxlE6 10uH g7 TPIT IPl‘ Il“'% . P27 u
o 1 [ . FI4 = = C
ugndD*—-I VL Z EXT R0 mat Mount |:. ? T T,: ? IVopt
2 comr s R L ot
LT ] 106 m : < 1
et = FREQ - > = -
A7pF ~ C3 Rl Gp? . Cto B
B3 | mEr2Z [ 0.02 . - T Green 10uF
ook aend A E= _L{'h T'“ cst| cse | caaf o
: B2 T 1 2ond 220uF | 0.1uF l00uF] Aoy DL
: a4 150k TE:SS w:ir-l TJ.EM- = GR
: hEnF fa]
- agod agod RIS agnd R4 fl"|5
. PN WL —0 -1 5Vde
| Ok 29 121k
.20

In case Voltage is present you can inspect the sensing circuit:

Yellow line checks the presence of negat analog power supply, violet line checks the presence of
positive analog power supply:

DOCUMENTO FOGLIO
NOMEFILE CLASSE 93
di
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ALARM ANALYSIS ON ARM BASED

ODEL X-RAY GENERATORS 2020-09-08

ALARM 178: SMALL FILAMENT LIGHTING FEEDBACK

OUTSIDE COMPLIANT INTERVAL

This alarm intercepts a WRONG HIGH FEEDBACK from Filament board on SMALL FOCUS JFluoroscopy
In this condition it is not reommended to keep on working on this focus.

In this case the source of alarm can be located in FILAMENT board (generation of bad "current” / "current
feedback" signal) or on MPU board (Analog readout of feedback wrong thiD@hconverter)

ALARM DESCRIPTION

E

™M |

™M |

ZEROs the SMALL FILAMENT reference (to prevent the reference to filament board generates a
bad feedback in Filament Board)

DO NOT OPEN K1 (to let user the possibility to use Large Focus for CINE mode)

SET SMALL FOCUS terapo(until the generator is OFF) to "BROKEN FILAMENT STATUS" (this
let start CINE without looking small filament feedback)

GENERATES ALARM 178 on Control Console with "KEEP ON WORKING ONLY IN CINE MODE"
ONCE ALARM IS ACCEPTED (OK pressed on Contre) Genscdtor DO NOT SHUTs DOWN

and keep on working ONLY on LARGE FOCUS (cine)SOFTWARE MODIFICATION TO BE
INSPECTED

ALARM INSPECTION

Signal path is the one described here:

= =4 =4 4 -4 -4 A4 -8 4

MPU GENERATES A REFERENCE FOR SMALL FOCUS LIGHTING: 0..10Vdc equals 0..10A

MPU READBACK ITS GENERATED SIGNAL TO BE SURE IT IS REQUIRING THE CORRECT CURRI
SIGNAL IS CONVERTED INTO CURRENT IN FILAMENT INVERTER BOARD

CURRENT IS INSULATED IN H.V. TRANSFORMER

CURRENT IS CARRIED THROUGH H.V. CABLES TO H.V: TUBE

CURRENT IS LIGHTINGFTHEMENT

CURRENT IS MEASURED IN FILAMENT BOARD AND USED TO FEEDBACK THE PWM CONTROLL
CURRENT IS CONVERTED IN FEEREACKO MPU

MPU READS BACK THE REAL CURRENT FLOWING THROUGH AD CONVERTION

SO, actors involved into path are:

MPU (ADC Feedback read nieywrong: try swapping the ADCs to test if error is solved)

FILAMENT BOARD (Look the feedback on LCD to check if SFI is different from SFO)

H.V. CABLE (using an Ohmmeter check that COMMON wire is not broken )

TUBE (in case of NON metallic tube, inspeetiémgth of the filament: in case the length is reduced check if
turning the tube the filament turns into correct length).

DOCUMENTO FOGLIO

NOMEFILE CLASSE 94
di
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ALARM ANALYSIS ON ARM BASED
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ALARM 179: SMALL FILAMENT LIGHTING SETPOINT
OUTSIDE COMPLIANT INTERVAL

This alarm intercepts a WRONG HIGH REFERENCE READBAGKdrirndard on SMALL FOCUS
(Fluoroscopy)

In this condition it is not reammended to keep on working on this focus.

In this case the source of alarm can be located in MPU board (generation of bad reference signal)

This alarm:
E ZEROs the SMALL FILAMENTearte (to prevent the reference to filament board generates a
bad feedback in Filament Board)
72 DO NOT OPEN K1 (to let user the possibility to use Large Focus for CINE mode)
E SET SMALL FOCUS temporary (until the generator is OFF) to "BROKEN RBTAVMESIis
let start CINE whout looking small filament feedback)
73 GENERATES ALARM 179 on Control Console with "KEEP ON WORKING ONLY IN CINE MODE"
E ONCE ALARM IS ACCEPTED (OK pressed on Control Console) generator DO NOT SHUTs DOWN

and keep on working ONLY on LAREDCUS (cine)

ALARM INSPECTION

Signal path is the one described here:

1 MPU GENERATES A REFERENCE FOR SMALL FOCUS LIGHTING: 0..10Vdc equals 0..10A
1 MPU READS BACK ITS GENERATED SIGNAL TO BE SURE IT IS REQUIRING THE CORRECT CUF

DOCUMENTO FOGLIO

NOMEFILE CLASSE 95
di
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ODEL X-RAY GENERATORS
Alarm 180: kV tail too long in RADIO
It reflects two possible errors:
STATICALLY - > The tube calibration is wrong - > check tube calibration
DYNAMICALLY - > The filament is broken during an exam - > Inspect tube returns on
LCD
TEST MODALITY
Folbw inspections as pgrevious errorl78.
NOTE
In case of temporary failure, the alarm is managed and recovered pressing OK
In case of continuous ZERO emission in high voltage this is generally due to
filament vaporization while the generator was emitting, no more emission start
are possible because next emission requires the correct feedback from filament
current while preparing the generator: a further
asserted.
DOCUMENTO FOGLIO
NOMEFILE CLASSE 96
di
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Alarm 181: kV tail too long in FLUORO
Expands timeouts X time to inspect the phenomena.
Also In this case it is possible to put the system in safe mode zeroing the
references and opening relay K1 on GTB100 without asserting OAB.
Than, while pressing OK, the generator turns into STAN - BY (the situation is only
dynamic)
See alarm 180 inspection
NOTE
In case of temporary failure, the alarm is managed and recovered pressing OK
In case of continuous ZERO emission in high voltage this is generally due to
filament vaporization while the generator was emitting, no more emission start
are possible because n ext emission requires the correct feedback from filament
current while preparing the generator: a further AFLUO
asserted.
DOCUMENTO FOGLIO
NOMEFILE CLASSE 97
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Alarm 182: LARGE FILAMENT LIGHTING FEERBACK OUTSIDE
COMPLIANT INTERVAL

NOTE

See alarm 178 for inspection instruction; SFI and SFO turns to Lfi and LFO as per picture above.

DOCUMENTO FOGLIO

NOMEFILE CLASSE 98
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Alarm 183: LARGE FILAMENT LIGHTING SETPOINT OUTSIDE
COMPLIANT INTERVAL
Follow instruction al per alarm 179 to check MPU board DACs / ADCs

DOCUMENTO FOGLIO

NOMEFILE CLASSE 99
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ALARM 185
AFLUORO CAIBRATION HEAT LOW®

DESCRIPTION

Calibration cannot reach the max Fluoro mA programmed.
The fastesway to inspect this alarm follows
Rise the max value in oo calibration and redo the calibration:

This will fix a possible loose of convertion efficentthe filament. In case you cannot rise emission even if
calibration current is high, suspect that filament has been shortened (in this case, when tube is glass,
remove the collimatoand look inside the glass window to inspect the filament length)

DOCUMENTO FOGLIO

NOMEFILE CLASSE 100
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ALARM 189

i S E R Wnacceptable Serial Radiographic parameter while boosting

o

DESCRIPTION

During filament boos (radiography preparatioim) order to let parameters transfer from digital devices to
generator through digital communication busses sucR8232 porvithout releasing the fluoroscopic
footswitch, generator accept parameter whioverrides the actual parameters.

It is not allowed the filament change.

In case of filament change request while boogtime generator produces alarm 189 to notify the operator
that data in Digital Device are not correct for the actual exam.

VERIFICATIONS

Checltransfer methods and/or tables in Digital Device for proper work according to exam

DOCUMENTO FOGLIO

NOMEFILE CLASSE 101
di
EENL04 V2 R1 ODEL Generators Alaom&\RM BASED CONTROLLERS.docx 13 111




EEN-104

V2 R1 enc
ALARM ANALYSIS ON ARM BASED 7020.00.08
ODEL X-RAY GENERATORS e
ALARM 190
Not provided
DOCUMENTO FOGLIO

NOMEFILE

CLASSE

102
di
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ALARM 191

Emergency button

DESCRIPTION

POWER DISTRIBUTION BOARD is provided with an input to sense the status of an optional emergency red
button placed in the room.This will act removing the power supply to main inverter

- SAFETY INTERLOCK

*24Vdo

:

?;'E‘l‘

: el S

: INTERLOCK

N R-" ]” GMD

. CLOSED CONDITION = WORKING CONDITION

Due to unknown distance of the switdhge signal is a 24Vdc using a galvanic insulation to microprocessor.

TEST

Open the circuit and verify that main computer reads correctly the input through NavGEN and if not
masked produces the alarm 191

DOCUMENTO FOGLIO
NOMEFILE CLASSE 103
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ALARM 194

fAIRA Timeout 0

DESCRIPTION

In order to inspct if Il step is arriving within a fixed timeout the alarm is generated if timeout is passed.

VERIFICATIONS

ENDEAVOUR GTB

RADIOGRAPHY EXPOSURE
SWITCH

TOMO €] 131

0 woc) 130
ToMO—0f 129

3t
B
£

it

FAST POTTER_REPLY| 1235

e T 0 VDC| 124

g 0 vpC| 126

123-124

AE_go—F }-o
Check DL17 on

Inspect the led status and drive the input manually in order to determinate if problem is a failure in the
interfaceboard, or in cable / accessory.

Inspect the driving using NavGEN Digital Input section

£ Digital INPUT — O =
Generator ON = OFF Generator OFF = OFF RADIO PREP cons = OFF
RADIO PREP ext = OFF RADIO XRAY cons = OFF RADIO XRAY ext = OFF
FLUORO dose inc = OFF FLUORO dose dec = OFF
TOMO enabled = OFF TOMO mode 0 = OFF
TOMO mode 2 = OFF TOMO 40 deg = OFF
TOMO 20 deg = OFF TOMO 8 deg = OFF
CINE enabled = OFF CINE man = OFF CONT.FL enab = ON
CONT.FL man = OFF PULS.FL enab = OFF PULS.FL man = OFF
Angio step req. = OFF EXPOSET active = OFF Potter reply 1 = OFF
Potter reply 2 = OFF Potter reply 3 = OFF Potter reply 4 = OFF
| Contrgle /Fault
DOCUMENTO FOGLIO
NOMEFILE CLASSE 104

di
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EGTB
E %’”El @® E GTBI20 BUCKY 1 REPLY
w4 [o] | J3i GTBUS 0 vdc Int
= 123
k6 P30gEgsl ([ @ ] GTBI8 RADID REGUEST
RE3JP2egiEs| ®) GTBLI7 RADIO PREP
' o4 ® | 5 |[ GTBUE 0 Vac Int
RIL4JPAGEEE | ® GTBUIS TOMO SMALL ANG
RUPA4EES| @) GTBil4 TOMO SMALL ANG
RUSP42HEEs| (] /| Jesl| GTBII3 TOMO NORM ANG
Haﬁa 123
wie " ) ® GTBUZ TOMO WIDE ANG
iz Peoiiiis] ®) GTBIL HIGH SPEED
o L7 B @ 5 || GTBUO MEDIM SPEED
g R JPAlE) @ ) GTBIO9 SLOW SPEED
iR e o me ® { GTBI0B TOMO SELECTION
EQEA%%EQP”Y DL E Rg8 - 3| J27| 6TRIO7 0 Vdc Int
Sl LA IRE RS54 = @ GTBIOS IST 2
e R Eﬁguﬁnlézﬁlggaﬂ ® : GTBIOS 1IST 1
oin RS RE3 @ | s | GTBIO4 OFF ESTERN
I D RBEpLs3Y S| o ) GTBIO3 DN ESTERN
it DR | @, GTBI0Z 0 Vec int
R34 o [o] | Jgs| GTEIL O e Int
LRk p . BCEL
H 10x2
Tisiiseses| @
LR R R R R L NN E]
CARDIO INTERFACE
*24Wdc
$ %ﬁﬂﬂnﬁ ﬂ 1 Interfoce Voltope
rl 2 Gerarotor erady eeposs
BI.H._LK + 13 Regulvton Dutede frtervs)
4 Thert BALNDF
] FLUDRIAHEF Faotamtbc
& Interface GROUND
E:J EE ; CINE Footswitch
- — — -3
% S 10 Erssion GED LIGHT
s 11 Spare 2
oVde : E CINE :
14 Analog ref. gnd

RADIDGRAFHY
PREPARATION
H Ejl'l' REQUEST

fhZemoteomue kol
a7k m\ﬁ!’ﬂﬂuoula utl)rfrl's'.uf PULLED To GROUND
L a1 DIGITAL DEVICE INTERFACE

In this case Il step is driven within | step through a diode, so inspect also the diode.

DOCUMENTO FOGLIO
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di

EENL104 V2 R1 ODEL Generators Alaom&\RM BASED CONTROLLERS.docx 13 111




EEN-104 V2 R1 ene

ALARM ANALYSIS ON ARM BASED
ODEL X-RAY GENERATORS

2020-09-08

ALARM 195

il RP Ti meout

DESCRIPTION

In order to inspect if accessory exmission request (IRP) is arriving within a fixed timeout the alarm is
generated if timeout is passed.

VERIFICATIONS

ENDEAVOUR GTB
Depending on where the bucky reply has been connected there are two input: one for stana&rdwith
mechanical reply, another for solid state signal generally from RTT od Digital devices:

FAST POTTER REPLY

DL1G
YELLOW

[1Fa]
[

k|

L ~ DL25 REPLY
5
] “" r [T}

: . i
T g ' L [ Ik W ELLOW -1
; AEADER 4 Pl oy 33k POTTER
. e —— R HCMLITOD

UL
l P10 pag 3.0

GTB400

401 MAN IEC 401
402 MAN IECH 402
403 AUTQ [ECH 403
404 AUTO IEC-{ 404
405 0 Vde 405
406 AUT/MAN| 406

comf139 | @

BRECT (woRkms sTamos 4) 138 [
'WORKING STATION 2| 137
WORKING. STATION 31136
WORKING _STATION 11 135

T
:
1t

_r
JUMPER SETTING

BUCKY REPLY

21
2|
81
el
o)
1
s}
B3

5 ERS

RADIO TIME| 134
PULSED FLUOROSCOPY ﬂ';‘ilﬁa

[ H

132
131

0 voc| 130
% ToMO-D{ 129

o voef 128

RADICGRAPHY EXP. SWTCH 127
0 vpcf 126

‘grasr POTTER REPLY| 125

o voci 124 | ]
E oooR_saFerY| 123 | ©)

IRt

DOCUMENTO FOGLIO
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Inspect the led status and drive the input manually in order to determinate if problem is a failure in the

interface board, or in cable / accessory.

Inspect the driving using NavGEN Digital Input section

£ Digital INPUT - m} ®
Generator ON = OFF Generator OFF = OFF RADIO PREP cons = OFF
RADIO PREP ext = OFF RADIO XRAY cons = OFF RADIO XRAY ext = OFF
FLUORO XRAY req = OFF FLUCQRO dose inc = QFF FLUORO dose dec = OFF
AEC disabled = OFF TOMO enabled = OFF TOMO mode 0 = OFF
TOMO mode 1 = OFF TOMO mode 2 = OFF TOMO 40 deg = OFF
TOMO 30 deg = OFF TOMO 20 deg = OFF TOMO & deg = OFF
CINE enabled = OFF CINE man = CONT.FL enab = ON
CONT.FL man = OFF PULS.FL enab = PULS.FL man = OFF
Angio step reqg. = OFF EXPOSET active = OFF Potter reply 1 = OFF
Potter reply 2 = OFF Potter reply 3 = OFF Potter reply 4 = OFF
| controls/Fault
EGTB
DOCUMENTO FOGLIO
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