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iNSPECTION OF POLICE CRUISER ENGINES
OPERATED USING RE-REFINED

AND VIRGIN BASED CRANKCASE LUBRI CANTS

Introduction

As part of the joint EPA/DOD Rerefined Engine Oils Program ,
an inspec t ion  was made of the engines from s ix  pol ice  c ru i se rs
from the city of San Diego , CA (SD) which operated for approxi-
m ately three years on rerefined engine oil. The eng ines were
di sassembled and rated for depos its using standard CRC rating
techniques. To provide a general reference framework , two
police cruisers wi th the same engine type from Holly wood Park ,
TX (HP) which had been operated on virgin base oil i.ere
inspected and rated.

San Diego ,  CA Inspect ion

The city of San Diego , CA operated on rerefined engine oil from
about February  1974 un t i l  early 1977. A s ample of the re r e f i n e d
engine oil used by the police department was obtained from SD
and analyzed. The physical property/chemical analyses showed

1: t he  1 ube to have properties typical of “convent ionalt’ v i r g i n
based lubricants. Table 1 shows the inspection data for re-
refined engine oil AL-6542 (Police Sta) was used during the
bulk of the mileage accumulation . Arrangements were made with
Center City Ford of SD to have them disassemble the engines
from six SD police cruisers as they were being traded in. The
vehicles were 1974 Ford Torino four-door sedans equipped with
351 CID Cleveland block engines and automatic transmissions .
The vehicles were not equipped with air-conditioning . Comp lete
maintenance records of the inspected vehicles were obtained

k. from the SD police . Both oil and oil filter were changed at
4,000 mile intervals . The units had accumulated between 88,000
and 110 ,000 mi les.

The summarized deposit ratings for varnish , sludge , rust, and
intake valves are presented in Table 2. Overall , the engines
had ligh t sludge , very ligh t rust and moderate varnish deposits .
The ratings of individual engine parts are presented in Appen-
dix A. Figure 1 shows a representative piston and a valve
lifter from SD unit #730 . In early 1977, SD switched to a
virgin based lubricant , apparently because of a lower bid
price . Table 3 shows the used crankcase oil ajalyses from SD
unit #723, which is probab ly the virgin based oil.

Hollywood Park, TX Inspection

Two 1974 Ford Torino four-door sedan, police cruisers~ equippedwith 351 CID Cleveland block engines, automatic transmissions
and air-conditioning were made availab le for inspection by the
city of Hollywood Park, TX (HP). The HP police chief assured

— ~~~~~~~~~~~~ ..~ ~
- ._ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
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Table 1.
Rerefined Engine Oil - San Diego Fleet

Description : Police Sta
A L L  6542
Properties: ASTM Method

Kinematic Viscos ity, 38°C, cS D445 122.94
Kinematic Viscosity , 99°C, cS D445 14.98
Viscosity Index D2270 130
API Gravity , ° D287 27.0
Flash Point , °C(°F) D92 218(424)
Pour Point , °C(°F) D97 -25 (-l5)
Ramsbottom Carbon Residue, %w D524 0.87
Total Acid No. D664 2.10
Total Base No. D2896 5.83
ASTM Color D1500 6.0
Sulfated Ash , %w D874 0.78
Sulfur, %w XRF 0.46
Phosphorus, %w XPF 0.106
Cl , %w XRF 0.0175
Ca, %w XPF 0.20
Zn, %w XRF 0.11
Iron , ppm AA <1
Lead, ppm AA <1

XRF = X-Ray Fluorescence.
AA Atomic Absorption .

I. 
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Table 3.

Used Oil Analyses

Test San Diego Hollywood Park
Proper ty  Method Uni t  # 7 2 3  Uni t  #4 5

Viscos i ty , 38C , cS D445 104.03  173.60
Viscos i ty ,  99C , cS D445 13.38 15.78
Viscosi ty  Index D 2 2 7 0  135 101
Sul fa ted  Ash D874 1.69 3 .26

Elements , ppm XRF a
Ca 1300 700
Zn 800 350
Cu NIL 200
Fe 35 275
Cl 1330 4200
Br Present Present
Al NIL > 1000
Pb >3000 >6000

a = XRF = X-Ray Fluorescence .

I

~~~~~~~~~~~~~~~~~~~~~ ~~~~ — • ______ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~_______
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AFLRL that the vehicles had used only conventional (i.e.,
v i rg in based) eng ine  o i l s .  Both the oil  and oi l  f i l t e r  were
changed at 6,000 mile intervals by a local service station
who s t a ted  that  premium , mu lt igrade , SE service classification
lubricant was used. Recently HP started doing their own oil
change s us ing  a bu lk  supply l u b r i c a n t .  The supp l i e r  of t h i s
lub ri cant was contac ted  and s ta ted  that  he was supply ing  a
commercial , SAE 30 grade , SE service classif ication lubr icant .
The vehicles were disassembled and rated at Southwest Research
I n s t i t u t e , San A n t o n i o , Texas . The depos i t  r a t ings  for  both
the SD and HP engines were made by the same individual .

The summar ized  deposi t  r a t ings  fo r  the HP un i t s  are a lso  show n
in Table 2 , w i t h  the  indiv idual  eng ine part  r a t ings  presented
in Appendix B. In add i t ion  to r a the r  heavy engine varnish
(espec ia l ly  on the valve l i f t e r s ) ,  the HP u n i t s  had medium to
heavy wear on the  main  and connect ing rod bear ings  and the
valve l i f t e r s  were sli gh t ly  d ished.  Fi gure 2 shows a represen-
tative piston and a valve lifter from HP unit #44. Analyses
of the used crankcase oil from HP unit #45 are shown in Table
3. The re la t ive ly low calc ium and zinc levels of this  used oil
are an unexplained inconsistency with respect to the use of SE
qua l i ty  o i l .  The presence of bromine and the high lead and
chlor ine  contents  indicate  that  both f lee ts  used leaded gasol ine .

Summary/Conclusion

The SD fleet had moderate engine varnish , l igh t sludge and ve ry
l igh t l i f t e r  rus t .  The HP f l ee t  had heavy eng ine varn ish ,
and moderate to l igh t  sludge and l i f t e r  rus t .  Medium to heavy
wear  was observed in the  HP uni t s . Both f l ee t s  had about the
same degre e of pis ton varnish  and intake valve deposits . The
d i f f e r e n c e s  in ra t ings  of the two f l ee t s  were a t t r i b u t e d  to
d i f f e rences  in oi l  drain in tervals  (SD was less seve re ) and
the h igher  temperature  operat ion of the HP cars caused by
a i r - c o n d i t i o n i n g.

Whi le  a number of importan t variables  between the two f leets
(e. g . ,  o i l  drain intervals , a i r - cond i t i on ing ,  e tc . )  make
direct comp ari8on of virgin and re ref ined oil performance
nearly impossible , the condition of the SD engines after
100 ,000 mi le s of us ing re re f ined  engine oil was moat encourag ing.

Recommendation s

Considering the encouraging results of the San Diego engine
inspection , it is recommended that :

(1) A well controlled fleet test (administrative service
vehicles) should be conducted at a government installation
using a commercially availab le rerefined engine oil and/or
a rerefined oil of the same type as was engine tested in
the current program . The test should include a contro l

-a •~~~~——----.•--—---• - • -.-- ~~~~~——~~~~~~
- . - -. .- —  — • — • — — .• 
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I
virg in base lub e of MIL-L-46152 quality and similar
additive chemistry as the rerefined oil. This fleet test
will provide a direct per formance compariaon between
rerefined engine oil and a qualified MIL-L-46l52 oil in
administrative type service .

(2) Since the Natural Resource Recovery Act (PL-94-580) man-
dates federal use of recycled products , it is recommended
that this engine inspection data be considered by MERP.DCOM
in making the required revision of MIL-L-46l52 to cover
the use of lubricants formulated from rerefined components.

(3) It is recommended that baseline data concerning the
feasibility of formulating MIL-L-2104C lubricants
from rerefined components be developed.

Acknowledgement
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ENG iNE INSPECTION

Engine Type: Ford 351C
Vehicle ID No.: 4H27H178785
Manufacture Date/Body : 3/74 - Torino 4 Dr.
Odometer Miles: 96,590

• Location/Unit No.: San Diego , CA/701
Oil Drain/Filter Interval: 4,000 mi.
Air Conditioning: No

Sludge Deposits Varnish Deposits

Rocker Arm Covers 9.2 Piston Skirts 5.7
Intake Manifold NR Rocker Arm Covers 6.8
Oil Pan 9.2 Valve Lifters 6.3
Valve Deck Area 9.5 Cylinder Wall (BRT) 8.1
Push Rod Chamber 9.4 Oil Pan 8.0
Timing Gear Cover NR

AVG . SLUDGE 9.3 AVG . VARNISH 7.0

Additional Ratings

Stuck Va lve Lifters 0 Piston Varnish , Max . 6.5
Stuck Compression Rings 0 Piston Varnish , M m .  5.7
Stuck Oil Rings 0 Intake Valve Deposits , Max . 9.0

Intake Valve Deposits , M m .  6.0
Intake Valve Deposits, Avg . 7.8

Clogging

Push Rods, No. 0
Oil Ring , % < 1
Oil Screen , % <1

Rust Rating

Valve Lifters 9.8

Observations, Comments

Valve lifters slightly dished.

Date: 5-77
• Rater: E.R. Lyons

NR - Not Rated.

— .  - -  -~ ~~~~~~~~~~~~~~~ ~~ L~
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ENGINE INSPECTION

Engine Type: Ford 351C
• . Vehicle ID No.: 4H27H178853

Manufacture Date/Body : 3/74 - Torjno 4 Dr.
Odometer Miles: 91,328
Location/Unit No.: San Diego , CA/7l2
Oil Drain/Filter Interval: 4,000 mi.
Air Conditioning : No

• Sludge Deposits Varnish Deposits

Rocker Arm Covers 9.2 Piston Skirts 6.3
Intake Manifold 9.5 Rocker Arm Covers 7.2
Oil Pan 9.5 Valve Lifters 6.3
Valve Deck Area 9.5 Cylinder Wall (BRT) NR

• Push Rod Chamber 9.5 Oil Pan 7.5
Timing Gear Cover 9.5
AVG . SLUDGE 9.5 AVG . VARNISH 6.8

Additional Ratings

• Stuck Valve Lifters 0 Piston Varnish , Max . 6.6
Stuck Compression Rings 0 Piston Varnish , M m .  5.7
Stuck Oil Rings 0 Intake Valve Deposits , Max. 8.9

Intake Valve Deposits, M m .  7.5
Intake Valve Deposits , Avg . 8.0

Clogging

Push Rods , No. 0
Oil Ring , % <1
Oil Screen , % < 1.

Rust Rating

Valve Lifters 9.8

• Observations , Comments

I

Date: 5- 77
Rater: E.R. Lyons

NR - Not Rated. - -
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ENGINE INSPECT I ON

Engine Type: Ford 3SlC
Vehicle ID No.: 4H27H178864
Manufacture Date/Body: 3/74 - Torino 4 Dr.
Odometer Miles : 109,703
Location/Unit No.: San diego , CA/723
Oil Drain/Filter Interval: 4,000 mi.
Air Conditioning : No

Sludge Deposits Varnish Deposits

Rocker Arm Covers 8.9 Piston Skirts 6.4
Intake Manifold 9.5 Rocker Arm Covers 4.8
Oil Pan 9.2 Valve Lifters 6.0
Valve Deck Area 9.2 Cylinder Wall (BRT) 6.4
Push Rod Chamber 9.2 Oil Pan 5.0
Timing Gear Cover 9.1
AVG. SLUDGE 9.2 AVG . VARNISH 5.7

Additional Ratings

• Stuck Valve Lifters 0 Piston Varnish , Max . 7.5
Stuck Compression Rings 0 Piston Varnish , M m .  a 5.8
Stuck Oil Rings 0 Intake Valve Deposits , Max . 9.5

Intake Valve Deposits , Min. 9.0
Intake Valve Deposits , Avg . 9.4

Clogging

Push Rods , No. 0
Oil Ring , % <1
Oil Screen , % <1

Rust Rating

Valve Lifters 9.8

Observations, Comments

~Reconditioned heads installed at 84,664 miles .

Date: 5-77
Rater: E.R. Lyons

~~~~~~~~ 
_______
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ENGINE I NSPECTI ON

Engine Type : Ford 351C
• Vehicle ID No.: 4H27H178851

Manufacture Date/Body : 3/74 - Torino 4 Dr.
• Odometer Miles: 104,514

Location/Unit No.: San Diego, CA/730
Oil Drain/Filter Interval: 4,000 mi.
Air Conditioning : No

Sludge Deposits Varnish Deposits

Rocker Arm Covers 9,3 Piston Skirts 6.3
Intake Manifold 9.5 Rocker Arm Covers 5.5
Oil Pan 9.3 Valve Lifters 5.5
Valve Deck Area 9.3 Cylinder Wall (BRT) 6.6
Push Rod Chamber 9.2 Oil Pan 7.5
Timing Gear Cover 9.0
AVG . SLUDGE 9.3 AVG . VARNISH 6.3

Additional Ratings
a Stuck Valve Lifters 0 Piston Varnish , Max. 6.8

Stuck Compression Rings 0 Piston Varnish , M m .  5.9
Stuck Oil Rings 0 Intake Valve Deposits , Max . 9.0

Intake Valve Deposits , M m .  6.0
Intake Valve Deposits , Avg. 8.1

Clogging

Push Rod s, No. 0
Oil Ring , % <1
Oil Screen , % <1

Rust Rating

Valve Lifters 9.8

Observations, Comments

Date: 5-77
Rater: E.R. Lyons 

— -• -— - •-•----— -••••-—- -• - -. j  _ -
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ENGINE INSPECTION

Engine Type: Ford 3SlC
Vehicle ID No.: 4H27H178820
Manufacture Date/Body : 3/74 - Torino 4 Dr.
Odometer Miles: 88,267
Location/Unit No.: San Diego , CA/764
Oil Drain/Filter Interval: 4,000 mi .
Air Conditioning : No

Sludge Deposits Varnish Deposits

Rocker Arm Covers 9.0 Piston Skirts 6.3
Intake Manifold 9.5 Rocker Arm Covers 7.3
Oil Pan 9.5 Valve Lifters 6.7
Valve Deck Area 9.5 Cylinder Wall (BRT) NR
Push Rod Chamber 9.4 Oil Pan 7.0
Timing Gear Cover 9.0

AVG . SLUDGE 9,3 AVG . VARNISH 6.8

Additional Ratings

Stuck Valve Lifters 0 Piston Varnish , Max . 6.9
Stuck Compression Rings 0 Piston Varnish, M m .  5.8
Stuck Oil Rings 0 Intake Valve Deposits , Max. 9.5

• Intake Valve Deposits , M m .  7.5
Intake Valve Deposits , Avg . 9.2

Clogging

Push Rods, No. 0
Oil Ring , % < 1
Oil Screen , % < 1

Rust Rating

Valve Lif ters  9.8

Observations, Comments

Date: 6-77
Rater: E.R. Lyons

NR - Not Rated . - .
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ENGINE INSPECTION

Engine Type : Ford 35lC
Vehicle II) No.: 4H27H178798
Manufac ture Date/Body : 3/74 - Torino 4 Dr.
Odometer  M i l e s :  91 , 395
Location/Unit No. : San Diego , CA/~42Oil Drain/Filter Interval: 4,000 mi.
Air Conditioning : No

Sludge Deposits Varnish Deposits

Rocker Arm Covers 9.1 Piston Skirts 6.0
Intake Manifold 9.3 Rocker Arm Covers 5.6
Oil Pan 9.3 Valve Lifters 5.7
Valve Deck Area 9.5 Cylinder Wall (BRT) 6.8
Push Rod Chamber 9.5 Oil Pan .0
Timing Gear Cover NR
AVG. SLUDGE 9.3 AVG . VARNISH 6.2

Additional Ratings

Stuck Valve Lifters 0 Piston Varnish , Max. 6.3
Stuck Compression Rings 0 Piston Varnish , M m .
Stuck Oil Rings 0 Intake Valve Deposits , Max . 9.0

intake Valve Deposits, M m .  6.5
Intake Valve Deposits , Avg . 8.1

Clogging

Push Rods , No. 0
Oil Ring , % < 1
Oil Screen , % < 1

Rust Rating

Valve Lifters 9.8

Observations , Comments

$
Date: 6-77
Rater: E.R. Lyons

NR - Not Rated.

_ _  —i--
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ENGINE IN SPECTION

Engine Type : Ford 35lC
Vehicle ID No.: 4H27Q223207
Manufacture Date/Body : 7/74 - Torino 4 Dr.• Odometer Miles: 71,847
Location/Unit No.: Hollywood Park , TX/44

• Oil Drain/Filter Interval : 6,000 mi.
Air Conditioning : Yes

Sludge Deposits Varnish Deposits

Rocker Arm Covers NR Piston Skirts 6.0
Intake Manifold 8.0 Rocker Arm Covers NR
Oil Pan 9.0 Valve Lifters 2.0
Valve Deck Area 8.4 Cylinder Wall (BRT) 5.4
Push Rod Chamber 9.0 Oil Pan 5.0
Timing Gear Cover 9.0
AVG. SLUDGE 8.7 AVG . VARNISH 4.6

Additional Ratings

Stuck Valve Lifters 0 Piston Varnish , Max . 6.2
Stuck Compression Rings 0 Piston Varnish , M m .  5.6
Stuck Oil Rings 0 Intake Valve Deposits , Max. 9.0

Intake Valve Deposits , M m .  8.5
Intake Valve Deposits , Avg. 8.7

• Clogging

Push Rods , No. 0
Oil Ring , % <1
Oil Screen , % <1

Rust Rating

Valve Lifters 8.8

Observations, Comments

Main and connecting rod bearings have medium to heavy wear.
Valve lifters are dished.

Date: 7-77
Rater: E.R. Lyons

NR - Not Rated.

• ~~~~~~~~~—•—~---——---— - - . — - — - -—~~-~~~- -•-•— — —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _



18

ENGINE INSPECTION

Engine Type: Ford 35lC
a Vehicle ID No.: 4H27Q223208

Manufacture Date/Body : 7/74 - Torino 4 Dr.
Odometer Miles: 65,488
Location/Unit No.: Hollywood Park, TX/45
Oil Drain/Filter Interval: 6,000 mi.
Air Conditioning : Yes

Sludge Deposits Varnish Deposits

Rocker Arm Covers 8.1 Piston Skirts 6.6
Intake Manifold 7.6 Rocker Arm Covers 2.0
Oil Pan 9.4 Valve Lifters 2.5
Valve Deck Area 8.6 Cylinder Wall (BRT) 5.8
Push Rod Chamber 9.0 Oil Pan 4,5
Timing Gear Cover 9.0

AVG. SLUDGE 8.6 AVG. VARNISH 4.3

Additional Ratings

Stuck Valve Lifters 0 Piston Varnish , Max . 6.7
Stuck Compression Rings 0 Piston Varnish , M m .  6.0
Stuck Oil Rings 0 Intake Valve Deposits , Max. 8.0

Intake Valve Deposits , M m .  7.0
Intake Valve Deposits , Avg . 8.0

Clogging

Push Rods, No. 0
Oil Ring , % <1
Oil Screen, % < 1

Rust Rating

Valve Lifters 9.0

Observations, Comments

Main and connecting rod bearings have medium to heavy wear.
Valve lifters are dished .

Date: 7-77 j
Rater: E.R. Lyons
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