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Mr. Greg Phillips, AS-40 
National Transportation Safety Board 
490 L'Enfant Plaza East SW 
Washington DC 20594-2000 

Subject: USAir 737-300 Accident, N513AU/PP033 Near Pittsburgh, 
September 8, 1994 

Reference: a) Boeing Maintenance Manual, 06-37521, section 29-15-00, 
BOE/NG pages 601-606, revision July 15, 1994 

b) Boeing Document D6-24429, An Analytical method for 
Contaminates in BMS 3-11 Fluids and Their Mixtures Using 
DifferentiaiiR Spectroscopy, revision A, dated June 14, 1982 

Dear Mr. Phillips: 

You recently asked us for in-service limits for hydraulic fluid used in the 
737-300 airplane. The reference (a) manual provides our recommendations 
to 737-300 operators. Table 601 in the reference section provides in-service 
limits for specific gravity, percent water, neutralization number ("acid number"), 
viscosity, organic contamination, and elemental contamination. Please note 
that for organic contamination fluid, suppliers are using a more current method 
called Gas Spectroscopy in lieu of the reference (b) IR Spectroscopy. The 
reference (b) document does not include newer hydraulic fluids called Hyjet 
type IVA and IVA+. 

I have enclosed a hydraulic system schematic and additional training 
information to assist in understanding the hydraulic system filtration on the 
737-300 airplane. 

All pressurized hydraulic fluid from each pump in the A, B, and Standby 
systems hydraulic pumps is filtered by a 15 micron absolute non-bypassing 
filter. These filters are located in the respective system's pressure module. 
The Boeing Maintenance Planning Document (MPD) schedule for the A, B, 
and System pressure filter replacement is at a C check interval. The enclosed 
table provides the recommended filter replacement schedule for all hydraulic 
filters. This interval was established through the Maintenance Review Board 
(MRB) process. Filter replacement ensures that flow and pressure from the 
hydraulic pumps is maintained to system components. As filters become 
loaded with particles, the pore size of the filter passages are reduced causing 
filtration to a lower micron level but at increase pressure loss. If filters are 
changed at the intervals recommended in the MPD, pressure losses are held 
to an acceptable level. PCU inlet filters for the flight control surfaces are 
changed on-condition during component overhaul. Particulate contamination 
is controlled by maintaining the hydraulic system in this manner unless 
contamination is induced during filter replacement or assembly of the 
component. 
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Boeing does not recommend any specific interval for replacing or sampling 
hydraulic fluid. The operational environment of the airplane hydraulic system 
can effect the service life of the hydraulic fluid. Therefore, intervals for fluid 
sampling or replacement/replenishing are established by the operat9r and 
their fluid supplier. 

A question has been asked as to whether the servo valve on the rudder Power 
Control Unit (PCU) could be contaminated by particulate when the hydraulic 
system is pressurized or by backflow when the system is depressurized. 
When the system is pressurized, internal flow through the hydraulic system 

BOEING prevents particulate contamination by fluid downstream of the servo. When 
the hydraulic system is depressurized, fluid from the main body return system 
is inhibited from backflowing toward the A and B system rudder PCU by a 
check valve in the flight control module return line. The only return fluid that 
can access the rudder PCU is from flight control components (elevator and 
aileron PCUs). Return fluid, however, will not backflow into the PCU due to a 
check valve, internal to the PCU, which prevents flow out the pressure port. 

If you have any questions, please contact Rick Howes, 

Very truly yours, 

FLIGHT TEST 

({( klb 3 6 > 
John W. Purvis 
Director, Air Safety Investigation 
Org. B-U01 B, M/S 14-HM 
Telex DIR PURVIS 

Enc: A. Reference (a) 
B. Reference (b) 
C. Boeing MPD 737-300 Hydraulic Filter Replacement Schedule, dated 

August 17, 1994 
D. Boeing 737-300 Maintenance Training Manual, pages 026 

(29.11.012). 029 (29.11.014), 034 (29.11.015), 035 (29.11.018), and 
095 (29.00.013) 

E. Boeing 737-300 MPD, D6-38278, page 1-4 

cc: Tom Haueter, AS-1 0 (letter only) 
Hector Casanova, SCRA 
Rick Lehnherr, BCSR- Pittsburgh 
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HYQR,WLIC SYSTEMS A. B, AMI! SIANPIY - INSPICIIO!!/CHWl I 

1. §,cecal · 
A. This procedure has one task. This task does 1 check of t~e hydraulic 

fluid. 

z. 

B. The operational enviroa .. nt of the airplane hydraulic syi\.- can affect 
the 1ervice life of the hydraulic fluid. You •ake 1 decision to take a 
sa~le of the hydraulic fluid far analysis if you find that it is 
necessary from your service experience. "ake sure that the fluid 
enalysis results agree wlth the fluid specification Lfefts shown in Table 
601. If the fluid properties are greater than the lfeits in Table 601, 
replace soae quantity of fluid with new fluid until the fluid properties 
agree with the limits shown. You aake 1 decision on the ·quantity of 
fluid to be replaced. 1 

TASK Z9-15-00-Z06-001 
Hxdrayljc Flyid Cheek 

I 
I A. General 

C1) You aust do the steps in this procedure to clean thl bbttles ~hich 
will hold the fluid sa~les. lf you do not do this; it is possible 
the fluid saMPles will not be correct. You •ust get two fluid 
samples fro• each hydraulic reservoir. Get one sa~le in a 
pglyethylene bottle which has 1 cepacity of one pint. Get the other 
sample in a glass bottle which has a capacity of one or two ounces. 

B. Equipment 
(1l Polyethylene Bottle (capacity of 1-pint and 1 

polyethylene screw cap with a Sell) -
CoM~ercially Aveil1ble 

C2l Glass Bottle <capacity of 1- or Z·ounces and 1 
polyethylene strew cap with a seal) -
Com~rcially Available 

(3) Clean Polyethylene Bags <to bold the bottles> -
Commercially Available 

C. Consumable Materials 
(1l 800129 Isopropyl Alcohol, approxiaately 1-pint, 

put through e ~icronic filter eeabrane 
<Z> 800083 Petroleu• Ether, approxieately 1-pint, 

put through 1 e1cron1c filter .. abr1ne. 

l 
I 
1 
; 

j 
I 

£FFECTIVITY-----------"t 

I .29-15-00 
AI.. I. 

h·' Page 601 
Hov 15/93 

a &a 'lffiit CJe!fihtWC OXiC SS:iC . 

• 
! 
1 



.., ., ~ "'~.., .till"_, .till" 
MAINTENANCE MANUAL 

Cll £00011 Nitric Acid CZO% by volu.e), 
approxi .. tely 1-ptnt . 

<4> G01061 Distilled Deionized Water, approxiaately 1~1nt 
· D. References 

(1) 12-1Z-OO/J01, Hydraulic R•servoir 
<Z> 29-15-00/201, Hydraulic Syate•s A, 8, and Standby 

E. Access 

EFFECTIVITr-----------..,

1 
. ALL 

29-15-00 
Pate 602 

Nov 15/91 
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~------------------------------------~·~-·--~, ; TABLE 601 
Hydraulic fluid, BMS !-11, Property Li•its 

FLUID 
PROPERTIES 

Visual 

Speclfie Gravity 
25°C/25°C 

Percen't of Water 
by weight 

Neutralization 
No, ~~~ KOH/g11 

Viscosity, cs 
at 100°F 

Organic 
Conta11inatlon 

E L e~~en tal 
Contarainatlon 

Calciu• 
PotassIum 
Sodiua 
Ct'ilorine 
Sulfur 

IN-SERVICE 
FLUID LIMITS 

Must be tr1nsparent. No phase 
separation or precipitation. 
All colors are satisfactory. 

0.995- 1.066 

0.1 to o.a 

6.0 to 12.5 

Hot Found by Infrared 

50 PP1 aax. •CZJ 
SO PP8 aax. *(2J 
SO ppa au. 

200 PPI au. 
500 ppa IIX. *(2J 

TEST PROCEDURE 

Visual 

ASTM 1144 or 
lnfar~ •t2l 

ASTM 9}4 

ASTM b4'5 

lnfr1J *(1J 

A Prlc• ure with the~~~ 1sion that 
Fell [\Is 

t 4 ~ 
:t 2 ~ 
:t 3 tp. 
:t ZO:ppll 
+ 10'-- , ...... 

•C1J If you think there is contaalnation, do the procedure in ioJinij 
Document 06-24~29, An Analytical Method for Conta•1natts ,n ~MS 

•tZJ 

3-11 Fluids and Their Mixtures Using Oifftrtntlal IR Spec\rdscopy. 

Contamination is a quantity that 11 .art than that in thj n4w fluid. 
Co~are the data froa the fluid analysis with the llaits ~ut on the new 
fluid. The precision of t 10 ppa Is applicable to the total values in 
the range fro~ 0 to 1000 ppa. In the range free 1000 to 3000 ppa, the 
precision will decrease tot 50 ppa vlth so .. equi~nt. · 

EFFECTIVITY-------------I 
ALL 

ll 
j 

,~~ 
' ' 

29-15-00 
Pa;• 603 

tlov 15/93 
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F. Clean the Bottles I 
(1) 

S 116-00Z 
Oo these st~s to clean the polyethylene bottle: 
<a> 

(b) 

(C) 

(d) 

(e) 

(f) 

(g) 

Ch) 
(f) 

Clean the bottle fully in e solution of liquid detergent and 
hot water. J 
Flush the bottle two tiRS in hot potable water t'hat' does not 
have •inerals. I . 
flush the bottle two tiRS in deionized water which ~•s 
distilled two tiRs. 
Drain the water fro• the bottle. 
Dry the bottle in the air of a laeinar flow bench in 1 clean 
r~•. j . 
~: If a la~inar flow bench is not available, ~uJ the bottle 

in a clean dry roo•, with the top in a dolll; position. 
Keep all persons fro• the roo• until the ~ttle is dry 
and you put 1 cap on it. · 

After the bottle is dry, install 1 cap on the boJtlt. 
Put the bottle 1n a new polyethylene bag. 
Seal the bag with a knot or tape. 
Identify the bag. 

s , 16-003 
<2> Do these steps to clean the glass bottle: 

<a> Flush the bottle in a solution which has ZOX by voluae of 
nf trfc add. ~ 

<b> Flush the bottle two tf .. s in hot pOtable water \hit does not 
have •inerals. ! 

<c> Flush the bottle two ti .. s in distilled water. 
<d> Flush the bottle with clean isopropyl alcohol wh1ch was put 

through a filter. ; 
<e> Flush the bottle with clean petroleue ether whidh was put 

through 1 filter. , 
<f> Dry the bottle in the air of a la•1nar flow bendh in a clean 

(lj) 

(h) 

(i) 

<J> 

roo•. J 
~: If a la•inar flow bench is not available, ~t the bottle 

in a clean dry rooe, with the top in 1 ddwn position. 
Keep atl persons free the roo• until the 1bottle is dry 
and you put a cap on it. 

After the bottle is dry, install a cap on the Jttte. 
Put the bottle fn a new polyethylene bag. 
Seal the bag with a knot or tape. 
lde•·.tlfy the bag. 

I 
EFFECTIVITY-----------~~ 

ALL 

I 

t 29-15-00 
I 

Pa;e 604 
Nov 15191 



MAINTENANCE RANUAL 

S 166-Dt5 t-- t I • 

WARMING: MAKE SURE THAT PERSONS AJID EQOIPM£NT ARE CLEAR ~F M_L CONTROl. 
SURFACES BEFORE YOU suPPLY HYOttAULtC !'OWER. THE AILERONS, 
RUDDERS, ELEVATORS, FLAPS, SLATS, SPOILERS, ~IN& &EAR, AND 
THRUST REVERSERS CAM MOVE QUICKLY WHEN YOU SUPPLY HYDRAULIC 
POWER. THIS CAN CAUSE INJURY TO PERSONS AND DAMAGE TO 
EQUIPMENT. 

i 1 (1) Supply hydraulic power to the hydraulic ayste•s with the electric 
pumps <Ref 29-15-DD/201). 

s 866-Q16 J' l 

<Z> Operate all of the flight controll 6 to 8 ti .. s to h'the hydrautic 

. I 
s 866-017 i 

fluid, t . 
<3> Re~ove hydraulic power fra. the hydraulic syste•s ! 

<Ref 29•15-00/201). 

~: Get the sa~tes of the hydraulic fluid not .ArJ than one ~our 
after you stop the hydraulic ayst ... 

H. Procedure t ~ 
j 

s~~ 1 
(1) Open the saapling valve on the reservoir to suppty '10oth flow of 

fluid. 

s 6u-oos i f . 
(Zl Drain a einiaua of one pint of hydraulic fluid beffre you';et a 

sa~~~g le. 

s 686-006 
(3} Re.ove the caps fro• the bottles. 

s 686-007 t i 
(4) Put one bottle in the fluid flow but do not touch \hJ sa~ling 

valve. · 

s 686-ooa i I 
CS> When the bottle h full, r1110ve the bottle fro• tJe fluid flow. 

EFFECTIVITY 

~: Do not 'lose the t18Pling valve while tht ~ttle is·tn the 
1luia flow. This can loosen the conta•ination and cause 1t 
to get into the I18Ple. 

I 
I l 29-15-00 

ALL j o;., P1ge 605 

i 
Nov 15/91 
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s 6U-009 
(6) Fill the other bottle. 

s 636•010 
(7) tnstall th. caDs on the bottles. 

s 686-011 
(8) Close the sampling Valve. 

S 436-Q1Z 
(9) Safety the saiPlin; valve vith a lockw1re. 

s 936-013 
{10) Identify the bottles with this d1t1t 

(I) Airplane IIOdel 
(b) A i rpllne nullber 
(C) Hydrauli~ syste• nu.btr 
(d) Date 
(e) Lout ion. 

s 616-014 
(11) Fill the hydraulic reservoirs (Ref ,2•12-•01). 

EFFE<:TlVITY------------.

1 
AlL 

I 

1 
I 

' . 

I 

f 

i 
i 
J 

29-15-00 
Paet 606 

IIGV 15/tt 



Enclosure C 

737-300 MPD Hydraulic Filter Replacement Intervals 

System Filter 

A & 8 Ground Service Disconnect 

A & 8 Case Drain for ACMP 

Standby Case Drain for EMP 

A & 8 Return Filters 

A & 8 Pressure Filter 

A & 8 Case Drain for EDP 

A & 8 Reservoir Fill Filter 

PTU Pressure Filter 

ACMP = Alternating Current Motor Pump 
EMP = Electric Motor Pump 
EDP = Engine Driven Pump 
PTU = Power Transfer Unit 
MPD Interval A = 200 hours 
MPD Interval 8 = BOO hours 
MPD Interval C = 3200 hours 
MPD Interval D = 22400 hours 

Interval 

2C 

3A 

1C 

28 

1C 

28 

1C 

1C 



CASE DRAIN FILTER 

1. Purpose 

HDEfNG737 
MAINTENANCE TRAINING MANUAL 

COMPONENT FUNCTIONAL DESCRIPTION 

A case drain filter is installed in each pump case return line to detect pump 
~ear and prevent contamination of the system. 

2. Location 

The System A engine-driven pump case drain filter is located in the left 
w1ng, aft of the outbaard end of the landing gear support beam. The electric 
motor driven pump case drain filter is directly beneath the pump in the main 
wheel well, left side. 

3. Physical Description/Features 

It consists of a noncleanable filter inside a aetal housing. An arrow on the 
filter housing indicates direction of flo~ through the filter. An isolation 
check valve on the downstream outlet of each filter prevents reverse flo~ 
from the opposing pu11p. If a hydraulic syste111 pu•p is replaced due to 
malfunction, the respective case drain filter ele•ent must also be replaced. 

EMDP 

PAGE 026 

CASE DRAIN FILTER 

001 
IAN 01/84 
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DDEING737 
MAINTENANCE TRAINING MANUAL 

COMPONENT FUNCTIONAL DESCRIPTION 

SYSTEM "A" PRESSURE MODULE 

1. Purpose 

The pressure module filters and distributes pump outputs to user systems. 

2. Location 

The module is Located on the Left forward wall of the main wheel well. 

3. Physical Description/Features 

001 

The pressure module consists of a housing conta1n1ng cartridge-type pressure 
filters, pump low pressure warning switches, a pressure relief valve, check 
valves, and fittings for attaching system tubing connectors. A non-bypass 
cartridge-type filter in the pressure line from each pump filters the fluid 
before it is delivered to the using components. It consists of a 
non-cleanable filter element inside a metal bowl. Check valves are installed 
downstrea~ of the pressure filters and low pressure warning switches to 
isolate them from the output of the opposite pump. Components can be 
individually replaced in the module. 

ENGINE -
PRESSURE 

CHECK VALVES 

TO PRESSURE 
TRANSMITTER 

RETURN (RELIEF 
VALVE DISCHARGE) 

PUMP LOW - PRESSURE 
WARNING SWITCHES 

;-~:bi.....-+--1--PRESSURE RELIEF 
VALVE 

ELECTRIC MOTOR 
DRIVEN PUMP 
PRESSURE SUPPLY 

PRESSURE FILTERS 

SYSTEM "A" PRESSURE MODULE 1090'1, 

nrr 1'i/R4 
PAGE 029 
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SYSTEM "A" RETURN FILTER 

1. Purpose 

HOEING737 
MAINTENANCE TRAINING MANUAL 

COMPONENT FUNCTIONAL DESCRIPTION 

The A system return filter element removes contaminants from the return fluid 
before it enters the reservoir. 

2. Location 

The system "A" return filter module is located on the left forward wall, main 
gear whee t well. 

3. Physical Description/Features 

The return filter module consists of a filter bowl, replaceable filter 
element and a filter head. The filter head incorporates a bypass valve, 
shutoff valve, two check valves and a differential pressure indicator. 

When restricted flow causes a pressure drop of 65 psi across the element, the 
differential pressure indicator becomes visible, indicating that the filter 
is contaminated and should be replaced. 

When restricted flow causes an excessive pressure drop of 100 psi across the 
element, the bypass valve opens and allows fluid to bypass the filter, and 
flow directly into the reservoir. 

4. Operation 

Two check valves are installed in the filter head to direct return flow from 
the system through the filter and to prevent backflow through the filter into 
the system. 

5. Maintenance Practices 

The shutoff valve prevents fluid draining from the reservoir when the filter 
bowl is removed. 

PAGE 034 001 
r~•r 11;,/1\4 



UNFILTERED 

TO 

BDEING737 
MAINTENANCE TRAINING MANUAL 

PORT 1 

DIFFERENTIAL PRESSURE 
INDICATOR BUTTON 
(6p 65 ±8 PSIDl 

SYS 
<PO 

TEM RETURN Q _ ~ RT 1) 

CASE DRAIN ~ 
(PORT 2) 

v SHUT 

PORT 3 
RESERVOIR 

FILTER 
- ELEMENT 

- DIF F PRESS - INDICATOR 
65 ±8 PSID) 

- RELIEF 
- VALVE 

C100 PSID) 
RESERVOIR y 
(PORT 3) 

__lL OFF ,....._ 
VALVE 

SYSTEM "A" RETURN FILTER 

001 
JAN 01/84 

--

-
~ -

-

HEAD 

I 
109274 
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.BOEING 737 
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