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Assy valves 407B Tests N/C N/C
0292958050

Circumstances reported to SAFRAN HELICOPTER ENGINES

While performing an autorotation training flight, during the power recovery phase, the pilot reported an
overspeed and completed the autorotation by carrying out a hard fanding.

On the ground, the presence of fire was observed in the engine compartment. It was contained thanks to
extinguishers.

Conclusion

The tests performed on the HMU and on the assembly valve did not reveal any discrepancy able to explain the
event.

The simulations performed by Safran HE design office were able to show that in case of twist grip activation
towards the full range (“flight” mode to “emergency +” mode) the free turbine over speed until blade shedding
event was reachable.
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1 INTRODUCTION

The HMU and assembly valve were on the engine Amel 2B s/n 22082 which was on-board
of helicopter AS350B3 registration N413LP which suffered a serious incident in Puerto Rico
on 21 February 2017.

In relation with the event, these two equipment were tested to check if they have any
discrepancy, which has allowed an overflow and therefore a free turbine overspeed.

1.1 DATE & LOCATION OF THE HMU AND ASSY VALVE TESTS

Date : 10" May 2017
Location : SafranHE, Tamos plant France

1.2 ATTENDEES

The following organisations were present during the tests:
- BEA
- French Airbus Helicopters
- French SAFRAN Helicopter Engines

1.3 OTHER INFORMATION

N/A

1.4 BRIEF OVERVIEW OF ENGINE MODULAR COMPOSITION

The Arriel 2 is a modular engine composed by 5 modules.

The module 01 is composed of an accessory gear box (driven by the gas generator) and a
transmission shaft housed in a protection tube which connects the reduction gearbox to the
accessory gearbox.

The module 02 is a single stage axial compressor.

The module 03 is a single stage centrifugal compressor with an annular combustion chamber
and one axial turbine.

The module 04 is a single stage power turbine.

The module 05 is the reduction gearbox with three stages of helical gears.
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2 PRELIMINARY CHECKS

2.1 EQUIPMENTS BOX

The HMU and the assy valve were delivered by BEA to Tarnos in a sealed box with BEA tape
and also labels.
The box was opened in presence of the attendees of the investigations.

2.2 VISUAL CHECKS

Assembly valve HMU

The assembly valve and the HMU are in good condition but quite dirty.
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3 TESTS

All the tests were performed with requirements for new equipment.

31 HMU

Information:
Automatic mode: DECU controls the engine
Mixed mode: DECU compensates pilot input on the twist grip until it reaches its mechanical
stop
Manual mode: the pilot controls the engine through the twist grip

Rotative effort Limiter

The HMU was found in good condition. It was installed on a test bench to perform tests.

The first step was to verify the position of the rotative effort limiter. This part receives the power
requested by the pilot in mixed mode and in manual mode (twist grip input). It was found clutched
which is the normal position in operation.

The foliowing tests were performed.

Automatic curve
See HMU tests page 2 table 2.1

In normal operation the engine operates with its DECL) in automatic mode. The fuel flow is
delivered to the engine accordingly to the automatic curve.

On this curve two points (at 20 and 25 I/h} are slightly out of tolerance. This out of limit, which is
under idle level, does not explain the event.
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Manual curve

See HMU tests page 8 table 7.1

This fuel flow Q versus P3 (air pressure at centrifugal compressor outlet called P2 or P3) curve
is used when the engine is in manual mode and also in mixed mode to protect the engine from
stall events.

The fuel flows are within limits.

Clutching areas and clutch transmission system
See HMU tests page 11 to 13 tables 11.1 to 11.3and 12.1 and 13.1 and 15.1

These checks are in relation with the possibility of using manual and mixed modes. The checks
show that clutching is possible in the tested conditions.

Maximum fuel flow on mechanic stop
See HMU tests page 3 table 2.7

This mechanic stop is an engine protection by limitation of the maximum fuel flow possibly
delivered by the HMU to the engine. The maximum fuel flow associated to its mechanic siop is
compliant.

Transient curve on ground and on altitude
See “Courbe altitude et sol”

These curves are about engine stall protection during quick acceleration.

A fuel flow (CH}) limitation is done versus P2 value.

The acceleration must be within the upper blue curve (stall protection} and the lower green curve
{slow acceleration).

These curves are used in manual and mixed modes.

The ground and altitude curves are partly out of limits and do not exceed the maximum fuel flow.
The consequence is a reduction of the stall margin protection.

HMU tests conclusion:
The discrepancies found are not noticeable.
None of the discrepancies found could explain a free turbine overspeed.

3.2 ASSEMBLY VALVE
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The following picture shows the different parts of the assembly valve and the different functions
at each phase (stop, start, normal running, shut-down).

Starting:

When start is selected, the start electro-valve and the stop electro-valve are electrically supplied.
The valves open and permit the fuel supply to the start injectors.

When there is sufficient pressure, the pressurizing valve opens and fuel flows to the centrifugal
injection wheel.

When the engine reaches self-sustaining speed the electrical supply to the start electro-valve is
stopped. The valve closes the fuel supply and opens the P2 air supply to veniilate the start
injectors.

Normal running

In this condition the fuel is supplied to the centrifugal injection wheel and the start injectors are
still ventilated with P2 air.

Shut-down — Injection wheel purge

When Stop is selected:

- The stop electro-vaive is energised and closed

- The pressurizing valve closed

- The injection wheel is no longer supplied with fuel

- The engine shuts-down

- The sudden but brief pressure rise, upstream of the stop electro-valve, causes the stop purge
valve to temporarily open against its spring. The residual fuel is the returned to the tank.

As the fuel pressure decreases, the stop purge valve closes under the action of its spring.
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The first check was to verify the position of the shut off valve: it was found in closed position
(normal position after engine shut down).

Assembly valve tests page 1 Table 1:

The pressure difference between start injectors (SID) and Injection wheel {SIP) is slightly out
of minimum limit. The consequence is that the injection wheel receives the fuel slightly before
normal operation. It has no consequence on engine operation.

Assembly valve tests page 3 table 6:
The leakage through the injection wheel (SIP) is out of limit. This happen during the start
sequence. It has no effect on the engine governing.

The pressurizing valve, the start electro valve and the purge valve operations were found
compliant.

4 HMU SIMULATION

The purpose of this chapter is to explore the possibility to reach the free turbine blade shedding
speed in mixte mode in relation with the VEMD data. And also to evaluate twist grip and collective
pitch values necessary to match NR and torque value recorded in the VEMD data.

The following calculations were performed with the HMU s/n 701B characteristics. Pressure 1013
mbar; temperature 26°C.
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[nfermation:

The required fuel flow is adjusted by a stepper motor actuator called “MPP” / Stepper Motor which
activates the fuel flow needle (see here under schematic). This stepper motor could move from 0 to
530 increments (“inc.MPP”). Then it is on its mechanical stops.

“Alpha manuel”: this is the twist grip position on the HMU; The correspondence is 0° to 40° on “alpha
manuel” to 0° to 92° on the twist grip beyond the flight notch (0°). 92° is the twist grip mechanical
stop

TG: twist grip

CH: fuel flow

XPC: collective pitch

| “ METERING NEEDLE
H POSITION TRANSMITTER
. (XM to EECY)

indet to i

4.1 REQUIRED ENGINE POWER 540 KW (BASED ON VEMD DATA AND AH
CALCULATIONS)

On the VEMD, when NG A discrepancy occurred, the Failure 1/10 registered TQ 75.3% and NR 513
rpm. With these data Airbus calculated a required engine power equal to 540 kW.

The here under curve started at neutral mode with 150 kW power (the reached power and NR would
have been the same starting at hovering power 280 KW, power calculated by Airbus).

In these conditions, between twist grip 0° and 41° the DECU/ HMU were able to compensate a twist
grip action until the stepper motor reaches its stop (0 inc.MPP). Between twist grip 41°and 69° the
fuel flow increased to 241 I/h.

The fuel system was able to reach 540 kW engine power and 513 rpm for XPC value equal to 38%
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and twist grip position of 69° above flight notch.

With the collective stick position coresponding to XPC value of 38%, the rotation of the twist grip
from the flight notch towards the “emergency +" mode will first lead to a HMU compensation to
maintain the nominal main rotor speed (390 rpm)}, then it will lead to the limit of the HMU
compensation and to the main rotor overspeed (513rpm reached for twist grip 69°).

ARRIEL 2B : déhit dosé (i} fonction du manus!, pour plusieurs wleur de position MPP
350 T T T T
H ! i |

Alpha man  Twist grip

/

530 inc. MPP

Oy 0 = 0
150 / 10 = 23
1: 20 = 48
;: 30 = 69
40 = 92

Y/

A S|

alpha manud (°)

Fuel flow versus twist grip for different stepper motor position

4.2 REQUIRED ENGINE POWER 660 KW (BASED ON VEMD DATA AND AH
CALCULATIONS)
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On the VEMD when Invalid NF discrepancy occurred, the Failure 2/10 registered TQ 87.5 % and NR
545 rpm. With these data Airbus calculated a required engine power equal to approximately 660 kW.
The here under curve started at neutral mode with 150 kW power (the reached power and NR would
have been the same starting at hovering power 280 KW, power calculated by Airbus).

The fuel system was able to reach 660 kW engine power and NR 541 rpm for XPC value equal to
39% and twist grip position of 80° above flight notch.

ARRIEL 2B : déblt doaé {Ifh} Bonction du manuel, pour plusieurs valeur de position MPP
:ﬁu — I

Sk w T
e a8y
//

200 7 - -
y 1 - :
100
50 i : MPP
0 i
50 40 30 -20 10 o 10 20 30 40 50

alpha manuel (%)

Fuel flow versus twist grip for different stepper motor position

4.3 REQUIRED ENGINE POWER TO REACH BLADE SHEDDING LEVEL
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The blade shedding speed is around NR 574 rpm (146%). To reach that vaiue the required
engine power is 770kW, for collective pitch within the range of 38-39% of the 2 previous cases
(540kW and 660kW).

The here under curve started at neutral mode with 150 kW power (the reached power and NR
would have been the same starting at hovering power 280 KW; power calculated by Airbus).

Then XPC was increased within 2 seconds to 38.5% whereas the manual was activated to twist
grip 92° within two seconds.

Between twist grip 0° and 41° the DECU/ HMU were able to compensate a twist grip action but
between twist grip 42° and 92° the fuel flow increased to 326 I/h.

The fuel system was able to reach 770 kW engine power and NR 574 rpm for a coilective pitch
value of 38.5% and a twist grip value of 92°.

This simulation evidenced that the pilot had the possibility to reach the blade shedding speed by
turning the throttle towards the full range.

ARRIEL 2B : débit dosé (/h) fonction du manue!, pour plusieurs valeur de position MPP
390 T | ] /—

I/h

300

250

200

530linc. MPP

Y
g

0 i i
-850 -49 -30 -20 -0 o 10 20 30 40 50
alpha manuel (*)

Fuel flow versus twist grip for different stepper motor position
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4.4 SIMULATION TOOL
The simulation tool is not validated to such level of rotor speed, nevertheless it allows showing
that the engine acceleration until the free turbine blade sheeding speed is possible in mixed mode.

5 CONCLUSION

The tests performed on the HMU and on the assembly valve did not reveal any discrepancy

able to explain the event.
The simulations performed by Safran HE design office were able to show that in case of twist

grip activation the blade shedding event was possible.

HMU tests
Assembly valve tests
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COMPONENT MAINTENANCE MANUAL

0282928++0
i . TEST OF HP/LP PUMP
HMUSIN: | Fot B [wio: AND METERING VALVE
1. Test of the HP/LP pump and ring v m TASK 73 3-70:3-001
A C etering valve and load limiter alignment in Yneutral notch”
{TASK 73-23-03-773-001]
Table 1.1 1
~ Initial conditions ([ Tickof | [ ] |
Al N ID| | @ accepted C x 0.6°
I—Bi ] Ax| | <16 |
] ] (E ] ] o acceptad C 05"
For the test, refer to TASK: (73-23-03-773-007) Date: Stamp:
HMU NOTE BOOK

73-23-03 . 5%%%

The infarmation included in thiz manual is coversd by the notize appearing on the infarmation page
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COMPONENT MAINTENANCE MANUAL
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TEST OF HP/LP PUMP
HMU S/N: wWiO:
SN | Foip |WO AND METERING VALVE
B. Adustment of metering valve flows in au TASK 73-23-03-773-001
Table 2.1 |
HPI:pPeE:mp Actuator Resolver o in ° Preasure (kPa) Q{lhe)
3 §
| = |ES| 3 HEM S &
g B g2l 3| § | B sdeq ¥ fasl g
= |25 3 £>£El 4" |88
-
10 | {188 | ooo | o 353 0.8 350 50,
165 [ 1,960 | 014 | 20 | 3s65:08 350 412
26 | 2870 [ O1E | 30 | 3582108 BERW; 30 |403 13 4,72
28 | 3327 | o8 | 40 0+08 (Op2 | 38 [} 20+2 |2, F
{11 3 | 3565 {02 | 46 | 105:08 M3 | 400 {1z 4 25:2 (273
45 | 5345 | 03C | 60 | 35:08 3,44 | 40 |2i3 713 335
> 270
57 | 6773 | 040 | 73 | s7s08 |GFg| 415 gy 4613 148
68 | 8080 | 064 | 100 | 105x08 (4057 560 |4{2o 64+4 |65
75 8912 | 0dC | 140 175208 |M&43 740 [40 9D B2:4 (B4
81 9625 | 0B | 180 245+08 [24.78 920 S 100+d | |07
520
85 ! 10,100 | opC | 220 31508 [Bh4y | 1,140 E' 0 130:4 |13
80 | 10,685 | 104 | 280 385:0.8 |3%64| 1,350 (6§D 157+4 | 153
92 | 10,932 | 12C | 300 45508 [¢reg| 1580 |6573 183+4 134, 1
85 | 11280 [ 154 | 240 ! s2as5:08 [5293| 1800 [726 2105 4| 2f 1-
98 11,645 | 17C 360 505:0.8 fB gy | 2060 |Fe 23614 (234
100 [ 11883 | 1A4 | 420 | 685:08 |64 2F] 2380 [F3F 26534 |26 ¥
101 | 12,000 | 1CC | 480 735:08 FZEL| 26860 |7Z82 20414 | 29¢
102 | 12,120 | F4 { 500 BO5+08 [Boa%| 2900 | 304 318+4 |20
= 720
2 | 1025 | 12180 | 212 | 530 | 8575108 [B{, | 310 | goB a0 'S |23
For the tast, refer to TASK: (73-23-03-773-001) Date: Stamp:
HMU NOTE BOOK
— Page 40
73-23-03 Nov. 3012012

The information included in this manua is covenred by the nofice appearing an the information page
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] _ TEST OF HP/LP PUMP
HUUSM: | 201 B [Wio: AND METERING VALVE J
C. Reading of the metering valve flow in automatle mode, in 8 decreasing range

(TASK 73-23-D3-773-001}

Table 2.6
Prass
HP/LP purmp Resaolver a
Actuato ure Q (Ifhr
speed ’ {degrees) (kPa) (Vhr)
[ -
-8 = o E a oo c™ E - @
g 1 £ |3l B £ | 3 [EBElsd®l 3 | 59 |53%|Ex
£ B |gg| 8| § | & RifsEE| & | 3% |3sz|dv
T 'g << = 8 8= 3 == gls ‘:
102 | 12,120 | 1F4 | 500 |80.6+08| Blo3 | 2,900 231 (332 & 13
98 | 11,845 | 17C | 380 |50.6408|59, B¢ | 2,060 246 239 2 9
@2 110832 [12C | 300 {45508 |4 - 99 1,580 I9a. 1 13¢5 4 8
B8 | 8080 |D&4 | 100 |106+08| AQ¢ * | 560 67265 o, | 5
Lao 3565 |02E| 46 [1.05%08|4. 1D | 400 25 2R Os¢
X
D. Adjusiment of the metering valve max, fuel flow 1o the mechanical sto
(TASK 73-23-03-773-001)
Table 2.7
- Set point valug: 245, resolver ¢ read A Theoretical: 84.7 £ 0.8°
~ Set point value: 247, resolver  read B Theoretical: 95 + 0.8°
HP/LP pump speed| Acluator | Resolver o (deg.) | Pressure (kPa) Q{lfhr) on mechan. stop
[ar] =
. 2| ® .+ B g 2o
= e |8%] E ’%d -gg 3l SR | 593 2
£ g |3z| § + 2By °8 (22§ g
£g g< 2TER % |2
1025 | 12,180 | 246 | 581 {Adjusted: 34,76 | 3,350 | 30| 36|
For the test, refer to TASK; (73-23-03-773-001) Date: Stamp:
HMLU NOTE BOOK
713-23-03 ey b
Nov. 30/2012

The trformation included in this manual is covered by the notica appearing

on the information page
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. i TEST OF HP/LP PUMP
HMUSH: | Zo1s (WO AND METERING VALVE
E. Check of the metering yalve fuel flow, following actuator de-energization
{TASK 73-23-03-773-001}
NOTE: After the actualor de-energization, the metering valve fuet flow must not Increase by
more than 2 Vhr.
Table 2.8
Speed Actetor | Resolver o {degrees) P‘;‘f;,i";m Q (vhn)
£ E
g 5 23 = 3
= £ g | E 52 3 | £285 3 4
£ & | B 5582 8
£ 3 g § E g i 52 .E g r 3
T -
Q Ifhr
—={ 100 | 11,883 | 1A4 | 420 665+08 |66,9%| 2380 | 2Eg, % | 26614lMr
Al 100 < Qrel +
11,883 <865+08 (66sC0| Read: | 26F | 0
Date; Stamp:

For the test, refer to TASK: (73-23-03-773-001)

HMU NOTE BDOK

73-23-03 .55%

The Information inclwded in this manyal is covered by the nofice eppearing on the information page
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HMU $/N:

Fo(B

WiD:

TEST OF HP/LP PUMP
AND METERING VALVE

F. Check of AP constant operalian for N ranging from 5.800 to 6,300 rpm and

6.250 to 5,800 rprm with a flow of 46 Uht (TASK 73-23-03-773-001)

Table 3.1
Metering vaive
Set point value Res. alpha N Flow read downstream AP
for actuator pressure
Hexa read Degree read rpm Vhe kPa kPa
Bie Sel 8,100 48+05 475
Tahis 3.2
Increasing N Dacreasing N
Metering Metering
N {rpm) QU | oarsiream AP QWY | gomeiream ap
Pressure pressure

5,800 46 0 L3t 46 4 Fo
5,850
5,900
5,950
6,000
6,050
6,100
8,150
6,200
8,250
630 | 47 | 435 N

Q mexx. {I/hr) Read: LA {for increasing and decreasing N)

Q min. {’hr} Read: qé (for Increasing and decreasing N)

(Q max. - Q min,) Unr = Calculated: l, | Accepted < 2.5 lhr

Date; Stemp:

For the test, refer to TASK: (73-23-03-773-001)

73-23-03

The information Included in this manual is covered by the notice appearing on the infomation page

HMU NOTE BOOK

Page 47
Nov, 30/2012
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TEST OF HP/LP PUMP

HMUSIN: | 7513 |Wio: AND METERING VALVE

G. heck and adjustment of the microswitch operatio e nautrel notch ~ Automatic and manual
made K 73-23-03-773-001

Table 4.1
Inltial conditions
Setpontvalue for | - pesoiver u (degress) | @ (V) Box lights
or
Manual conirol e
to the neutral S\foqwls';?'on Neutral
nofch Hex. Decimal | Theoretical | Read Read "v':lvemg notch,
resolver o e
0° 154 340 525108 OFF ON
Check of lever released from neutral notch position, in the acceleration range
Metering vaive resolver a for signal acquisition Box lights
when control lever released from neutral noich o Neutral notch,
posltion Acquisition auto mode
Accepted: <545 | Read: 53, 94 ON OFF
Check of retumn to neutral notch position in AUTO mode
Accepted: <545 |Read: 53,93 | ON | ON
Check of lever roleased from neutral notch position, in the deceleration range
Accepled; >50.56 | Read:  $1 ¢( | ON | OFF
Check of return to nreutral notch posktion in AUTO mode
Accepted: 2505 | Read: §2, ¢ N ON T ON

H. Rotary load limiter. Check of mechanical stops: full flow stop and engine shut-down
{SUB-TASK 73-23-03-773-001)

NOTE! To beread during the tests.

Table £.1
Low stop
Meutral netch of the rotary . Full flow stop,
. {engine shut-down), .
load limiter deceleration range acceleration rangs
s 30.4 mm = 0.05 +22.33 mm 2%
0° Read: 3¢} § Read: 2.7, 44
For the test, refer to TASK: (73-23-03-773-001) el Stamp: 4'
HMU NOTE BOOK

73-23-03 .50

The irformation included in this manuet is covered by the notice appearing on the Information page
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HMU S/N:

FotB

Wi

TEST OF HP/LP PUMP
AND METERING VALVE

Adjustimert of the anti-flame out s

lh=s protection

ice cutch tran

Initial conditions before engaging the cluteh transmission syatem

A}. Check of the fusl flow at low si
issian systerm at low flow (¢

> 21 ifhr (B). Chack of
ASK 73-23.03-773-001

Table 6.1
Set polat values to be set ‘
Automatic made, neutral notch position . ;‘;‘,‘;ﬁ;‘:ﬁm
Actuaior set Metering limiter. Clutch torque
point vaive | valve resolver Q () P3 to be set read on tool
(hex.) a read n kPa (N.m}
212 86,17 >310 800 4 3
154 e, 7% Zio 480 2, F
056 814 gL, % 130 2,z
Y 0dA XY 522, | 130 .5
o4 4., ) 4_ Read 130
45.5 =3
Tahiz 6.2
Conditions {o be set
C Automslic mode, neutral A
notch position
Actuator | Metering Metering Metering AP in
set point valve Ith valve h Q (I valve Q(m kPa,
valus |resolvera Q (hry resolver Qa( dr), acc(epg'd resolver () read
{hex.) angle a angle a angle
read read read
212 21<Q<40 || 2 F | 3
154 | 52,35 |23 Zea) | B¢
056 Bag |27 1,53 | W«
04A Lrl> | 69 2,36 >4
] Read || L2040 | 24 1
45.5 Accepted
3240Q<40
For the test, refer to TASK: (73-23-03-773-001) Date; Stamp: }
HMU NOTE BODK
) L Page 49
73':%3 03 Nov. 30/2012

The infarretion included in this menual is cowered by the notice apperaring on he informalion page
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: TEST OF HP/ALP PUMP
5 WiG:
HUUSN: | 70| 6 |Wo AND METERING VALVE
J. Ad nt eration limi max. stop = relative TASK 73- -773-001
Table 7.1
Met. valve Matering
F3 Hexa set
Q . downsiraam 9 resolver a valve AP
N {rpm} relative A point Q (),
(V) kPa pre!li(s;gre It value read read read (Ii‘:-.]:a?l
Initial values to be set, before the clutch device Is engaged: rack fo neutral notch - light ON
11,820 | 147 345 1,200 OFO 35,64 | 14 7
‘:all..les below to be set after engaging the clutch Q(i/hr) read = increasing HP3)
evice
P3 Metering valve
N (rpm) relative downsiream Q {I/hr), to be obtained Q (i), read
kPa pressure in kPa
8,886 103 770 83 _p 835
10,171 174 820 104 _7, %9,
o 0
n
11,008 5 237 1,120 131 (2%
11828 | & 345 1,600 180 3 1¥o
i
11,873 | £ 449 1,820 22 ¥ iz
12,000 $| 538 2270 259 3 A
12,138 518 2,600 202 % 2%
12,180 734 3,110 336 _3 3230
Table 7.2
Pgsiliors of Hese, ikl Metering Metering valve
the read aint -val fia valva Flow in #hr downstream P3 relative
velue of a Ealue resid resolver pressure, read kPa read
control axie a angle in kPa
288°to08 > 110
0° neutral och Read: Read: 990 380
9,31 234
Acce|sration Read: 75 2
range ocDh Adju stad: 620 g
22.33 mm 84,9
For the test, refer fo TASK: (73-23-03-773.001) | 0%t Stamp:
HMU NQTE BOOK
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wsn: | Zop g [wo AND METERING VALVE
K. Sealing test between the fuel ber and P TASK 73-23-03-773-001
Tabile 8.1

No fuel in P3 body

Tick off (]

For the test, refer to TASK: (73-23-03-773-001)

Date:

Stamp: ‘I

HMU NOTE BOOK

73‘23-03 Nov. ggfg;)?;

Tha informetion induded Ir this manual is covered by the nofice appearing on the informatian page
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TEST OF HP/LP PUMP
HMU S/N: )
701 |wo AND METERING VALVE
L. Check of the clutch transmission gyslem, in the acceleration range, for P3 min., with lever in
neutral notch position (TASK 73-23-03-773-001)
Table 9.1
s Mﬂfﬂng Hex. set Auto light
N (r Q(Vh : valve oint Resolver | Q(Ih ON
(pmh | QUM | reizive | gownsiream '.I.?alue o read réadr)
(kPa) | pressure read Tick off
{kPa)
Condition to be set before: the clutch device is engaged:
8,800 120 388 g0 D
Table 8.2
Set Tast A Test B
P3 relative kPa = Auto light SFE Clutch torque,
Tick off Fick off in the acceleration ranga < 4.5 N.m
Read;
110 Ll
120 [
130 [J ]
140 [] H|
150 [ ] L]
160 ] ]
170 L) []
180 T [
150 L] L]
200 L1 ]
210 [ ] L
220 ] ]
230 (1 |
240 [] i
Values to be set after the cluich device is engaged: Values to be read:
Table 8.3
Metering valve Metering
N {rpm) P3 L?_Jlative downstream Q 'm{ og | QVhrread | vaive AP
P = pressure reques (kPa}
12,180 734 3,110 338+3
For the test, refer to TASK: (73-23-03-773-001) Date: Stamp:
HMU NOTE BOQK
; Page 52
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TEST OF HP/LP PUMP
HMU S/N: W/O:
7B AND METERING VALVE
| N of the pratection clutch at Q max. = f{P3) (T, 2-23-03-773-001
Tabla 11.1
Metsring
P3 valve Hex, sat a of Q' Metering
N (rpm) Q (i) relative | downstream point resolver read valve AP
kPa pressure value read read {kPa) read
(kPa)
Condition 1o be set before the clutch device is engaged:
11,752 1317 287 1,080 oD 34,05 | 173 |, %
Cluich torque, neutral notch position In the .
acceleration range: <3Nm Read: ll .9
Values to be set after the cluich device is
aged Values to be read
P3 Metering valve @ m:lt“"”g QU | Q| Metering
N (rpm) relafive downstream v re to be Read valve AP
kPa preasure (kFa) resalver obiained {xPa)
read
+0
12,180 734 3,110 3310 385 329
Table 11.2
Metaring
F3 valve Hex. set oaof Q () Matering
N (rpm) Q (hr} relative | downsiream point resolver read valve AP
kFa pressure value read read (kFa) read
{kPa)
Condition to be set before the clutch device is engaged:
11,752 149.4 325 1,240 GOF 2 3;;53 H_;'”
Clutch torque, neutral noteh poeition in the .
acceleration range: < 3N.m Read: le %
Values fo be set after the clutch device Is
engaaed Values to be read
P3 Matering valve ameend lawmyte | vy, | Metering
N {rpm)} relative downstream v ;e be Rea d‘ valve AP
kPa prossure (kPa) FeSOVer | obtained (KPa)
road
12,160 734 3,110 |8 330
Far the test, refer to TASK: (73-23-03-773-001) ’ Date: Stamp:
HMU NOTE BOOK
- Page 55
73'"?-3 0 3 Naov. 30/2012
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; . TEST OF HP/LP PUMP
HUUS: | 2o (3 |Wio: AND METERING VALVE
Tabls 113
P3 Metering valve Hex. sat o of the Metering
@ (ihr) valve AP

N{rpm) | Q{ihr} | relative | downsiream point value resolver rest
kPa pressure (kPa) restl tead (WiPa) read

Condition to be sat befors the duich devics is engaged:
11,752 | 1733 | 373 1450 | A48 | 42,04 | '¥30 |
21

Clutch torque, neutral notch position in the acceleration range: | <3N.m I Read;
Values to be set after the cluich device is engaged Values to be read

P3 Metering valve o of metering | O (I/hr), Q gm) Metering
M(rpm) | relative | dosmstresm pressim valve resolver to be Read b valve AP

kPa (kPa} read obtained (kPa)
12,180 | 734 3,110 24 s | SR

Q. Chegk of the clutch transmission system to acceleralion for metering valve flow in auto mode
20 I/hr. Make sure the fiow oblained is > 320 Vhr (TASK 73-23-03-773-001)

Table 12.1 |
Manual control 1o the neutral notch Manuat controf lever on Q max. stop
Condition to be set after chrtching Check Q > 320 V/h
of the . a of the
Actuator | C9Y Clutch Metering !
set peint m:;ﬁlsng Qto be torgue on [kF;vz) Qim {Iﬁr) valve AP m:;?:ga ?
value set 20 h Cmx<3 : read {Kpa)
resolyer set read resalver
(hex) | " N.m read read
(o) | Read: Read: SZT_
4 39,3 256 ) 738 Ig>amg M0 B2 7
P. Check of the clutch ransmission syslem engagerment in the deceleration range for OE| 30s
ISA + 38 with in of + 20 |/hr {TASK 73-23-03-773-001
Table 13.1
. Meterin a of the ,
Positionof | @ (Uhr) Metering valve | guaive | P3| metering | oo POt
the rack wwbe | G {lhr}read ressure (kPa) AP (kPa}to | valve actuator
(mm} set P oboset | ®Pa) | beset | resalver, (hex), read
read read
Initial condition: Manua! contral lever to the neutral nateh
o [ 1517 [ Ae, 7 | 1240 | 287 | 24,37 oFg
Clutch torque on C.m <3N.m Read: 4, o

Check, C.m in deceleration range
2233 | 26,13 50 | [ 100 [ 2,25 |
Accepted
32 < Q<50
For the test, refer to TASK: (73-23-03-773-001) Ul R

HMU NOTE BOOK

73-23-03 . 5%%
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TEST OF HP/LP PUMP
HMU SiN: Wwi0Q:
7ol AND METERING VALVE
Q. Check of rehirn o auto mode arny t n 73-23-0 -001
Table 14.1
Test conditions Check return {o auto mode
Actuator )
Rack In the . . o of metering
. set point Rack to Light ON In
dec:g:;ﬂon value neutral notch auto mode valvié::ni N,
{hex.)
30.4 mm 055 0° + 0.05 ves | ] | ¥ S5 2~
Light OFF Tick off
R. Check of the dulch trevel areas during shut-down and check of the return o the neutral notch in
auto mode {TASK 73-23-03-773-001}
Table 15.4
<2 Check of
Initial conditions o be set before clutching i retum to aulo
4 mode
I
- E % | Actualor set [Actuator set Actuator setlResolver ofResaiver of Light | . | Light
9 % & | pointvalus | point value | point value | accepted | read OFF ON
E = | (hex.)obt. (dec.} (hex.)
= Tiek off Tick off
A |Decel.| 04a 74 >605 (672 | ] |65
Al |Accel |  04A 74 2605 [§v0 | [¢] [¢, 30| [
B |Decel.| 038 86 [4] | &2~
Bl [Accel | 056 56 2. 79| [T
Accepted Read CObt.
C |Decel.| <062 os<¢ | 1005 ] |9,¢c2
C1 [Accel.| <082 Oy | 1008 k] 9,96 7]
Date: Stamp:

For the test, rafar to TASK: (73-23-03-773-001)

|

73-23-03

The information induded in this manual is covered by the notice appearing on the irformation page
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TEST OF HP/LP PUMP
HMU S/N: :
N Fo [ (w0 AND METERING VALVE
] S. Leak rough air vent of the HPALP pump shaft sesling ring (TASK 73-23-03-773-001
Tabie 16.1 [
Manual control to neulral notch Actuator set point vaiue 212
{hex.}
Priming pressure Metering valve Leak
at the LP pump N rpm downsiream accepted
inlet {rel. kPa} pressure < 4 milthr
160 0% 0 0
50 0% 0 0
50 102.5% 12,180 3,110

ki T. Check of the drain valve operalion (TASK 73-23-03-773-001

Table 17.1
245023
Valve open, drain flaw in Vhr
Read:
158023 kPa
Drain vaive closing
Read:
N 3drops. max. inG0s
rain valve sealin
. Read:
U. Exiernal seain the HP assy (TASK 73.23-03-773-001

Tabls 18.1

- External sealing {no leakage observed) I Tick off f ]

V. Sealing test of P3 chamber under 16 *2 kPa (relative pressure K 73-23-03-773-001

Tabla 20.1
P3 chamber is tight Tick oft D
For tha test, rafer to TASK: (73-23-03-773-001) Date: Starmp:

HMU NOTE BOOK

73-23-03 . 55
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o 7006, [wo e e
W. Check of the sealing ring of the HP/LP ASK 73-23-03-77
Table 21 1
Air pressure relativa to the air vent ring circuit Seallng of the ring
{kPa)
1872 | Arr pressure OK[_| ok[_|
X. Chegk of the resisting to of the HP, ump (TASK 73-23-03-773-001
Table 22.1
Torgue < 0.15 N.m. Read: l [:I
Y. Check of lhe bonding resistance for 2 10 A testing current (TASK 73-23-03-465-002

Table 23.1

Bonding resistance beiweaen the resohver <25mO
cennector and the seating face Sl
Bonding resistance between the actustor <25 ma
vonnecior and the seating face piaLy
Bonding reslstance betwsen the microswitch <2.6m0
connector and the sealing face :
Bonding resistance between the fuel LF <2.5m0
pressure switch connector snd lhe sesting face =
Bonding resistance between the pre-blockage <25mD
pressure swhch connsclor and the sesiing face sy

For the test, refer to TABK: (73-23-03-773-001)

Date:

Stamp:

73-23-03

The information included in this manuel is covered by the natice appesaring on the infarmation page

HMU NOTE BOOK

Page 59
Oct. 3072014




TUREOMECA

COMPONENT MAINTENANCE MANUAL

0292928++0

HMU S/N: Z’ f ﬁ

WiIQ:

TEST OF HPILP PUMP
AND METERING VALVE

REJECT OF PARTIAL BENCH No.

Problem met during the tast

Code

Comments:

Partlal te=t bench operator

Corrective actlon implementad

Date:

Stamp:

Code

Camments:

Repair perfformed on the HMU

Dale:

Stamp:

Cuode

Comments:

Assernbly operator

Date:

Stamp.

HMU NOTE BOOK

73-23-03 .50

The information Inciuded In this manual fs covered by the natice appearing on the infmation paga




DATE OPERATEUR | CONTROLEUR COURBE - TABLEAU :;:E',"n':'_‘,‘;':,'e: 701B
1110512017 SARRIAS ARRIEL 2B Référance : 0292861320
Limiteur d'accélération (ALTITUDE)
0
o
13 /,- / >
1 " el b Valours nitalos: 2
g L~ - P2:181.3 kPa abs
E N 7'/ /’/
| d
= //
n ' = Valeurs finales :
/ CH: 1457 ih
| P2 :449.0 kPa abs
) :
X
1% 70 W M N B M WM W W OB I WM i & S M &0
P2 (s abn) ;
M
TURBOMECA

Selon CCT : 73.23.03 - Edition : 26
TM2335G001 - TLO327P101 - TLO322Px04




DATE OPERATEUR | CONTROLEUR COURRBE - TABLEAU AL dividuml iy 701B
11/05/2017 SARRIAS ARRIELZ2B Réfdrence : 0282861320
Limiteur d'accélération (SOL)

b o e

- . - ’

7

_ %4

. A 7 I’

74 Valeurs Initiales :

- i / choarg e Vh
g // > P2:182.0 kPa abs

153
5 7 7

w / —

1-w i /

/ v Valeurs finales :
o A CH: 2545 Vh
_// P2: 863.8 kPa abs

1t

E_j]

¥

HE 0 2 MW I 40 4K 0 B 0 &0 M 70 M e A

P2 fPa sbe)
TURBOMECA

Selon CCT : 73.23.03 - Editlon : 26
TM2335G001 - TLO3ZTP101 - TLO322Px04
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/N: 4o #p [wo: TEST OF THE VALVE ASSEMBLY

1. t procedure of ihe valve assembly (Task 73-1 & 1

NMOTE: During the tests, the adjusted valve assembly must be instalied in 1he horizontal posttion on
the test banch,

A. Cheeck of the pressurizing valve calibration (Sub-Task 73-14-01-770-011)

i -  Siop eleclro-valve open
| - Slari electro-valve enemgized
Tabils 1
Flow through SIP AP between SID and SIP (kPa)
(Uhr} Accepled Read
20 300 < AP < 320 7 %4
350 450 < AP < 550 Yol u

B. Sealing of the pressurizing valve (Sub-Task 73-14-01-770-014}

- Siop electrg-valve open

i - Starl electro-vaive energized
Table 2
Pressure in §ID (kPa) Leakage accepted thmough SIP Leakage measured
(hn)
150 0.04 max. O clup
] C. Check of the strainer and stop electro-vatve AP (Sub-Task 73-14-01-77
| - Stop electro-valve open
Start electro-valve energized
Table 3
Flow through SIP AP between EC and SID (kPa)
thr Accepled ] Read
50 <200 A%HA4 Ecd on.}L
For the test, rafer to Task: (73-14-01-770-001) — Stamp: ]

VALVE ASSEMBLY NOTE BOOK

73-14-01 ., S

The imormation included in this manual 5 covered by the notice appesring on the informatien page
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S/N:

Lo

W/O:

TEST OF THE VALVE ASSEMBLY

D.

-
-

-

Check of the start electro-vahve (Sub-Task 73-14-01-770-018)

Slop electro-valve open
Start electro-vajve de-energized
EiD toot valve closed

Table 4
Flow through SiP Pressure in EC Leakage through P2 air vent
hr} (kPa} Accepted Read
Start electro-valve
ek a5 87T5<P <1025 10 drops max. 4 wa'
E. Check of the SID fusl seailng (Sub-Task 73-14-01-770-018)
- Stop electro-valve open
- Sian eleciro-valve de-energized
Table §
Pressure in EC Flow thmugh SIP Leakage through SID
kPa) (Uhr) Accepted Read
500 20 5 drops Zdop /o
1,000 50 5 drops 4 dop imen
3,800 150 5 drops A el s
For the test, refer to Task: (72-14-01-770-001) Date: J Stamp:
VALVE ASSENMBLY NOTE BOOK
73-14-01 AL
' Apr. 30/2008

The informrtion included & this manual is covered by the nolice appearing on ha information page
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SIN: {07 B Jwio:

TEST OF THE VALVE ASSEMBLY

F. Check of the stop electro-valve (Sub-Task 73-14-01-770-017)

- Slop electro-valve open

- Starl electro-valve de-energized

NCOTE: Do not re-open {he stop electro-valve when the valve assembly is under pressure,

Tabie &

Flow (I/hr)

Set SIP (kPa)

Theoretical 350

Flow read:

3 5O 3,700

- Disconnect the SIP pressure gauge; close the stop electro-valve and record.

P at EC (kPa) Leakage through autemeatic drain Stop time
(kPa)
Accepted Read Acocepted Read Max, Read
5,200 max. hbygs | 20cm max 4. 40 ms 39,4

- Regord the leakage through SIF

Leakage through GIF In 1 mn

Accepted Read
10 drops max. R
Slop electro-valve closed Yes | | No [ ]
F. Extemal sealing check (Sub-Task 73-14-01-770-018)
Sealing conforming { Yes [ ] No []
For the test, refer to Task; (73-14-01-770-001) Date: Stamp: J

VALVE ASSEMBLY NOTE BOOK

73-14-01 . 5%

The information inckided in this manual is covered by the nolice appearing on the information pege
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S/N:

407 P

W/O:

TEST OF THE VALVE ASSEMBLY

REJECT OF PARTIAL BENCH No.

Problemm met during the teat

Code
Comments:
Fartial test bench operator Date Stamp:
Comeclive action implementad
Code
Comments:
[ Date; [ Stamp:
Repair performed on the valve assembly
P
Code
Comments:
Assembly operetor Ijate: Stamp:
VALVE ASSEMBLY NOTE BOOK

73-14-01 b Soiie

The information included in this manual is covered by the rutice appearing on the information page





