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EXECUTIVE SUMMARY 

The importance of life-cycle cost analysis in transit bus procurement is 

recognized by the industry and is of increasing concern to grantees in specifying new 

buses. In order to assist transit authorities and the industry's suppliers, the Urban Mass 

Transportation Administration (UMT A) Office of Bus and Para transit Systems has 

performed the test-bed fuel economy tests described in this report. The purpose of these 

tests is to determine the fuel economy impact of changes in vehicle weight or selected 

components. This information is being used in the development of HEVSIM, a computer 

simulation program capable of predicting the fuel economy of a particular transit bus with 

specific components, carrying a specific weight, over a specified duty cycle, without the 

need for further testing. This model was developed at Transportation Systems Center in 

Cambridge, Massachusetts. 

These fuel economy tests were conducted at the Transportation Research 

Center of Ohio (TRC) by TRC and Battelle personnel. Battelle's Columbus Laboratories, 

under contract to UMT A, with the assistance of the three bus manufacturers, the Port 

Authority of Allegheny County (PAT), Detroit Diesel Allison, and Telma planned and 

conducted the test program. The preparation of the buses, running of the tests, and 

pickup/return of the inline test bus was performed by TRC personnel experienced in bus 

fuel economy testing. Driveline components that were changed on the transverse engine 

test bus, a Grumman 870, were changed by Flxible mechanics at the Loudonville, Ohio, 

facility. The components changed on the inline engine test bus, a Neoplan USA vehicle 

supplied by PAT, were the Telma retarder and tires. The retarder change was made at 

TRC according to a procedure provided by Telma. The tires were also changed by TRC 

personnel. 

Planning began in May of 1983. On June 30, 1983, a test plan was released 

which was based on the plan used in the previous fuel economy tests. Section 2.0 of this 

report describes the implementation of this fuel economy test plan. 

The control vehicle used in this test was the GMC Truck and Coach RTS-II- 04 

control bus used in the previous testing referenced in this report. The transverse engine 

bus used in the "T" series of tests was the Grumman 870 previously used as a control 

vehicle. The inline engine bus used in the "I" series of tests was a Neoplan USA bus 

supplied by PAT. All of these buses were prepared for testing by TRC mechanics to 

assure that they were in proper working order. 
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Table 1 shows the change in fuel economy for both test bed buses as single 

changes were made from the baseline configurations. The percent change figures in the 

combined columns are accurate to within ± 1 percent as defined by SAE J1321. The other 

percent change figures are somewhat less accurate due to the fact that less fuel was used 

on the individual phases, so weighing accuracy limits and a small variation in fuel 

consumed became important . The plus percentages show increases in fuel economy 

(higher MPG) resulting from the configuration change. The minus percentages represent 

reductions in fuel economy (lower MPG). The baseline run of the Neoplan bus is run 1-2. 

Runs 1-1 and 1-6 were completed with the Telma retarder installed. 

This report is organized to present an overview of the fuel economy tests in 

Section 2.0. Results and conclusions are presented in Section 3.0. The test plan and the 

tests are described in Section 3.0, and the appendices then give detailed information on 

the SAE test procedure, the test facility, and the test data. 
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TABLE 1. FUEL ECONOMY TEST RESULTS 

Test Configuration 
Number Change Commuter Arterial CBD Combined* 

I-1 With Retarder 0 0 0 0 
I-2 Baseline** 0 0 0 0 
I-3 1.5xSLW -2 -6 -1 -2 
I-4 Empty 8 9 12 10 
I-5 Radial Tires 10 8 9 9 
I-6 Retest With Retarder 0 -4 0 -1 

T-1 Baseline 0 0 0 0 
T-2 1.5xSLW -6 -7 -7 -7 
T-3 Empty 7 11 13 11 
T-4 5. 375 Axle Ratio -14 6 -2 -2 
T- 5 UEC Transmission 0 2 -5 -2 

(Optional PROM) 

T-6 UEC Transmission 1 11 -2 2 
(Fuel Economy PROM) 

T-7 Retest Baseline 1 0 -3 -1 

* Percent change in fuel economy; plus numbers are increases in fuel economy from the 
baseline configuration and minus numbers are decreases. The baseline test for each 
bus was run with: 

(1) Seated load weight (SLW) 
(2) Air conditioning off 
(3) Evaporator fan or ventilation fan on 
(4) Diesel No. 2 Supreme fuel 
(5) Exterior and interior lights on. 

** The baseline test was run without the retarder installed. 
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1.0 INTRODUCTION 

This report documents a program to determine the fuel economy changes on a 

test-bed transit bus as a result of weight and/or component changes. The tests were 

conducted by Battelle's Columbus Laboratories at the Transportation Research Center of 

Ohio (TRC). TRC was responsible for test execution during the period starting in late 

June and ending in mid September, 1983. The program was performed under contract to 

the Urban Mass Transit Administration (UMTA) as part of their Technical Assistance 

Program. 

1. 1 Purpose of Tests 

The specific purpose of this series of tests is to provide the Transportation 

Systems Center (TSC) with data for correlation with the HEVSIM computer simulation 

results. 

1.2 Buses Used in Tests 

Three buses were used during these tests. The GMC Truck and Coach 

RTS-II-04 used as a control bus during the fuel economy testing of six 40-foot transit 

buses last fall was used as the control bus during these tests. The Grumman Flxible 870 

used as the other control bus in last fall's tests was used as the transverse-mounted engine 

test bus. Finally, a Neoplan USA 40-foot transit bus was leased from the Port Authority 

of Allegheny County (PAT) as the inline- mounted engine test bus. 

1.3 Brief Test Description 

The overall fuel economy test procedure was very similar to that used in the 

previous 40-foot transit bus fuel economy testing.* The buses were tested over a course 

* Francis, G. A., and Nelson, S. R., "Fuel Economy Testing of Six 40-Foot Transit Buses", 
Report No. UMTA-IT-06-0219-11-1. Prepared by Battelle's Columbus Laboratories, 
March, 1983. 
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based on the Transit Coach Operating Duty Cycle (ADB Cycle) at various load weights and 

with different components installed using a procedure based on Joint TMC/SAE Fuel 

Consumption Test Procedure - Type II - SAE J1321 OCT81 (see Appendix A). This 

procedure, with the control bus ballasted to seated load weight (SLW), allowed the 

differences in fuel economy with configuration changes to be accurately measured. 

The fuel economy tests were performed a t the Transportation Research 

Center of Ohio on the inside lane of the 7 .5-mile test track (see Appendix B). Signs were 

erected at carefully measured points to mark the test course for the drivers. The course 

included 8 miles of commuter, 8 miles of arterial, and 14 miles of CBD. An electronic 

fuel weighing system, developed for the previous test program, permitted an accurate 

determination of fuel consumption for each of these three phases. At least one control 

and one test vehicle were involved in each test run. The test runs were repeated until 

there were three test runs in which the fuel used by the test bus divided by the fuel used 

by the control bus, the T/C ratio, for each 30- mile run were within two percent of each 

other. This set of three valid runs completed one valid test. The test was then repeated 

for a total of six valid runs before the T/C ratios were accepted as accurately reflecting 

the fuel economy of that particular test configuration. 

After the completion of each pair of tests, the vehicle configuration (weight 

of components installed) was changed. The fuel economy test was repeated in the new 

configuration. At the end of this test program, the GMC control bus was returned to 

GMC, the Neoplan test bus was returned to PAT, and the Flxible test bus was returned to 

Flxible Corporation. 
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2.0 TECHNICAL APPROACH 

The program management and technical approach for this fuel economy study 

was to perform tests under carefully controlled test track conditions and to use the 

largest practicable body of industry knowledge and experience in planning the tests. The 

approach was to identify the data required to support further development of the HEVSIM 

computer simulation program at TSC and to obtain those data. 

2.1 Program Participants and Supporters 

The Urban Mass Transportation Administration (UMT A), through the Office of 

Bus and Paratransit Systems, was responsible for technical direction of the program. 

Battelle's Columbus Laboratories (BCL) was responsible for planning, coordinating, and 

conducting the test-bed fuel economy study and for evaluating and reporting the program 

results. The testing was performed by the Transportation Research Center of Ohio (TRC) 

personnel with BCL staff on-site supporting and monitoring test personnel. 

Both General Motors Corporation Truck and Coach Division and Grumman 

Flxible Corporation supplied buses and they, along with Neoplan USA Corporation, 

reviewed the test plan. Cooperation was excellent. The Port Authority of Allegheny 

County (Pittsburgh, Pennsylvania) also supported the program in an extremely meaningful 

way by supplying the Neoplan test bus from its fleet. 

American Public Transit Association also played an important role in acquaint

ing the bus manufacturers and transit authorities with test program and the potential of 

the HEVSIM program through discussions at the Bus Technology Liaison Board meeting. 

2.2 Test Procedure and Implementation 

This series of tests was performed at TRC located at East Liberty, Ohio. The 

7 .5-mile test track is described in Appendix B. 

2.2.1 Overall Description of Test Procedures 

Control and test buses were provided by the bus manufacturers and the transit 

authority named in Section 1.2. One test bus and the control bus were already at TRC at 

3 



the start of this program. The other test bus was driven to the test site from Pittsburgh. 

The buses received a complete vehicle preparation which included service (oil changes, 

filter changes, brake inspections, etc.), wheel alignment, front wheel balance, and all 

other necessary preparations for testing. 

Each bus in each configuration was tested for fuel economy using the test 

cycle described in Table 2.1 Bus Fuel Economy Test Cycle, and Figure 2. 1 Bus Fuel 

Economy Test Cycle. These fuel economy tests were based on Joint TMC/SAE Fuel 

Consumption Test Procedure - Type II - SAE J1321 OCT81. The test cycle is made up of 

the individual start, stop, a nd top speed elements of the ADB Cycle arranged to permit 

obtaining relative fuel consumption for each of the three phases. 

2.2.1.1 Modifications to SAE and ADB Procedure Test. In the course of 

planning and executing this test program, modifications were made in some established 

pr ocedures. This section describes how the ADB cycle was run and how SAE J1321 was 

used. The operating cycle described in the "White Book"* is shown by Figures 2.2 and 2.3. 

The basic acceleration, cruise, and deceleration profiles of the CBD, arterial, and 

commuter phases shown in Figure 2.3 were maintained for this series of tests. However , 

t he changes were made in the overall sequence of phases to produce compatibility among 

t he ADB cycle, the SAE procedure, T/C** data desired, and the test facility. None of the 

changes made reduce the accuracy of the results. 

There were three modifications that were made to the ADB cycle. 

o The ADB cycle is structured as a set number of miles on fixed time in the 

following order: CBD, idle, arterial, CBD, arterial, CBD, commuter. The 

cycle used in our test program collected these phases together into the 

following order: commuter, arterial, and CBD. This phase sequence 

permitted the reporting of fuel economy for each of these phases sepa

rately and should make the data more useful to bus manufacturers and 

transit propert ies. Idle fuel consumption tests were not performed in this 

series of tests. 

* Baseline Advanced Design Transit Coach Specification, Urban Mass Transportation 
Administration, U.S. Department of Transportation, Washington, D.C., November 
1978. 

** See explanation in Appendix C. 
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TABLE 2.1. BUS FUEL ECONOMY TEST CYCLE 

Top Accele ration Cruise Decele ration Dwell Cycle 
Stops/ Speed, Distance , Time, Distance, Time, Rate, Dista nce, Time , Time, Time, Total 

Phase Mile mph Miles ft sec ft sec ft/sec2 ft sec sec min-sec Stops 

Commuter l per 4 mile 55 or 8 5,500 90 15,140 188 6.78 480 12 20 10-20 2 
maximum, if 
less than 55 

Arterial 2 40 8 1,035 29 1,350 22.5 6.78 255 9 7 18-00 16 

I.Tl CBD 7 20 14 155 lO 5 IO (95) 18.5 6.78 90 6 7 65-20 97 
887 ( 2) 32 

Idle 

--
Totals 30 93-40 115 



Cf' 

I End of Cycle .. 
FIGURE 2.1. BUS FUEL ECONOMY TEST CYCLE 
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• The ADB cycle is 14 miles long and is usually doubled to 28 miles for SAE 

J1321 tests. This distance was increased to 30 miles in our test and the 

percentage of distance traveled on each phase was altered also to: 

ADB Cycle 

Test Program ADB Cycle 

Percentage on Phase 
Commuter Arterial CBD 

28.6 

26.7 

28.6 

26.7 

42.8 

46.6 

These percentages result from adding two miles to the CBD portion of the 

total cycle. This change allowed the test to start and end at the same 

point on TR C's 7 .5-mile test track, and allowed enough fuel consumption 

during a test run to comply with SAE J1321. The increased percentage of 

the cycle in CBD could give a very small advantage to buses configured for 

best fuel economy in the CBD phase. 

• The individual start-stop cycle in the ADB cycle remained unaltered except 

for increasing the start-stop cycle length on two of the 97 start-stop cycles 

of the CBD cycles by 50 percent. The change was made so that separate 

signs would not be required on the track for the first and the second lap of 

CBDs. This change reduced the probability of driver error by reducing the 

number of signs as shown in Figure 2.4. 

Four changes were made to the Joint TMC/SAE Fuel Consumption Test 

Procedure - Type II - SAE J1321 OCT81: (See Appendix A for procedures as published by 

SAE.) 

• J 13 21 requires the use of at least a 16-gallon fuel tank. Such a fuel tank 

when full would weigh about 160 pounds. It was judged that a 12-gallon 

tank weighing less than 120 pounds would be sufficient for this test and 

much easier for the driver and observer to handle. The size of the tank is 

shown in Figure 2.5 with the engineer carrying an empty tank from the 

Grumman test bus. 

• J1321 mentions the use of a mechanical scale or a flowmeter system. This 

program used a load cell/readout combination which allowed accuracy of 

0.5 percent in weight and permitted onboard weighing of the gravimetric 
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FIGURE 2.4.. vmw OF SIGNS AT BEGINNING AND END OF TEST CYCLE 

FIGURE 2.5. GRAVIMETRIC TANK AND GRUMMAN TEST BUS 
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tanks at the end of each phase. This permitted the determination of a fuel 

economy figure for each phase as well as the overall cycle. 

• J1321 recommends that the driver and observer stay with a vehicle 

throughout the test. This approach is helpful in quickly establishing a valid 

test (3 T/C ratios within 2 percent) but was found to be unnecessary in 

earlier tests. During this series of tests, the same drivers stayed with the 

buses but observers changed. 

• J1321 requires run times to be within !0.5 percent for a valid test. During 

the preceding series of tests, it was noted that a number of runs which fell 

outside this time limit were still well within the 2 percent T/C ratio limit. 

It was concluded that with a cycle as complex as the one used in this 

program (115 start-stop sequences), the !0.5 percent time limit is too 

restrictive. The time limit was, therefore, raised to ! 1.0 percent without 

test accuracy compromise. 

2.2.1.2 Additional Testing. During this series of tests certain data were 

taken which, while not necessary to the successful completion of the tests, were of use to 

TSC for correlation between the test series and the HEVSIM computer simulation program 

results. These data included tire and rim weight data, tire rolling radius data, electrical 

system load, and driver profile data for each test bus configuration. The driver 

information was obtained by using a fifth wheel and strip chart recorder on each bus 

configuration tested. At least two runs of each configuration were performed with the 

fifth wheel in use. 

2.2.2 Vehicle Preparation 

The buses were prepared for testing in the following manner. 

2.2.2.1 Initial Service. Mechanics at TRC replaced the existing tires with 

Goodyear City Cruiser XT 12.5 x 22.5 G Series on the GMC control vehicle and H Series 

on both test buses. All fluids and lubricants were replaced with manufacturer's 

recommended products and all filters were replaced. The front wheels of each bus were 

dynamically balanced and the buses were aligned. 
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2.2.2.2 Documentation. The make, model, engine, drivetrain components, 

and other features important to fuel economy were documented. This information was 

cross-checked with descriptive material obtained from the manufacturers and PAT and 

differences were resolved. 

2.2.2.3 Vehicle Preparation. All vehicles were inspected to insure that the 

buses tested were in safe and operating condition at the start of the test. 

2.2.2.4 Daily Inspection. Each morning before testing, each bus was 

inspected to determine that the vehicle was properly prepared and configured for the test. 

2.2.2.5 Gravimetric Tank System Installation. Gravimetric tanks were used 

to measure fuel consumptions. The tanks are cylindrical with a diameter of 9 inches and a 

length of 44 inches. These tanks were weighed by utilizing a load cell as a part of the fuel 

system shown in Figure 2.6. The load cell which supports the tank was secured to a bar 

running transversely between the hand rails attached to the ceiling and each bus as shown 

in Figure 2. 7. Figure 2.8 shows the remainder of the test fuel system. Support 

instrumentation included the strain gage amplifier and digital readout unit. Solenoid 

valves with observer-operated switches directed fuel flow between the gravimetric and 

main fuel tanks. Whenever fuel flowed from a gravimetric tank, an electronic timer was 

activated thus assuring an accurate timing of each test. A heat exchanger was installed 

in a gravimetric tank return line to assure that the fuel temperature remained below 

160 F as required by SAE J1321. This fuel temperature was monitored using a 

t hermocouple as shown in Figure 2.6. The fuel- weighing system was highly repeatable and 

accurate. It included the following important components. 

• Load cell: Lebow Model 3397-200 

• Strain gage transducer indicator: Daytronics Model 3270B 

• Boost pump: Holley electric fuel pump Model 12-801. 
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2.3 Maintenance 

Vehicle maintenance was classified into two categories--scheduled and 

unscheduled. Where possible, maintenance followed the manufacturer's recommended 

schedule. During this series of tests, items such as tires and brakes were ser viced on an 

as-needed basis. Tires were replaced when original tread wear reached 50 percent. 

Unscheduled maintenance due to unanticipated vehicle failure was provided as required. 

After testing started, no major unscheduled maintenance was required. 

2.4 Test Procedure 

All tests were performed with drivers and observers experienced in bus and 

truck fuel economy testing and were conducted on the first lane of concrete on the 7 .S

mile test track described in Appendix B. The tests were performed on a 6:30 a.m. to 

3:30 p.m. shift. 

2.4.1 Fuel Economy Test Cycle 

2.4.1.1 Morning Inspection. Each morning before the first test run, each 

bus was inspected to determine that it was properly prepared and configured for that day's 

testing. Some portions of the inspection were performed immediately following warm-up. 

2.4.1.2 Warm-Up. Warm-up consisted of driving one hour on the bus fuel 

economy test cycle according to the course layout. The course layout was prepared by 

using green, red, and blue signs, respectively, for the commuter, arterial, and CBD 

portions of the test to indicate changes in speed, cycles, and stop points. The observer 

coached the driver through the course along with recording cycle run times, fuel 

temperature, and weather conditions before and after each phase of each cycle using the 

data sheet as shown in Figure 2.9. 

2.4.1.3 Fuel Economy Testing. The course layout described above was used 

for all tests. The Neoplan (inline mounted engine) bus was tested with five different 

configurations. The Grumman (transverse mounted engine) bus was tested with six 
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different configurations. In nearly all of the tests the two test buses were on the track at 

the same time. The baseline test conditions for this series of tests were: 

(1) Air conditioning off 

(2) Evaporator fan or ventilation fan on 

(3) Seated load weight 

(4) Diesel No. 2 Supreme Fuel 

(5) Exterior and interior lights on. 

Before starting each test, the gravimetric tank was filled, weighed, and documented. The 

cycle was started adjacent to the entrance of the high-speed pit lane. The cycle is 

described in Figure 2.1 and Table 2.1. As shown, the cycle has been grouped according to 

the phase; commuter, arterial, and CBD. Fuel was weighed at the end of each phase 

without refueling the gravimetric tank. The solenoid valve in the fuel system switched 

the fuel supply in the gravimetric tank to the main fuel tank at the end of the phase. The 

gravimetric tank was weighed and fuel flow was switched back to the gravimetric tank 

before continuing with the next phase. 

As described in SAE Jl321 (see Appendix A), three cycles were run that fell 

within a 2 percent window of T /C ratios for a valid test. Test run times were within _:t 1.0 

percent. The test cycle was then repeated to obtain three more valid T /C ratios falling 

within 2 percent of each other. The average of these two groupings of T/C ratios fell 

within 2 percent to show test repeatability. 

2.4.2 Fuel Analysis 

Standard Oil of Ohio's No. 2 Diesel Supreme was placed in a separate tank at 

the TRC fuel plaza for control and test buses during these tests. During the course of 

testing, this tank was refilled once. Results of the fuel analyses are shown in Appendix C. 

2.4.3 Weather Conditions 

During this series of fuel economy tests, temperatures ranged from 58 to 94 F, 

maximum wind was 20 MPH gusting to 25 MPH, and the pavement was dry. Precipitation 

did not occur to the extent that the drivers required the use of windshield wipers for safe 

operation of the vehicles. 
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3.0 RESULTS AND CONCLUSIONS 

This section presents the quantitative results of this series of tests along with 

conclusions reached during this test series and the previous tests on 40 - foot transi t buses' 

fuel e conomy. 

3.1 Results 

Figures 3.1 and 3.2 show the two test vehicles used during this test ser ies. 

Figure 3.1 shows the bus supplied by Grumman Flxible Corporation with the transverse 

mount ed engine (transverse test bus). Figure 3.2 shows the bus supplied by Neopla n USA 

with the inline mounted engine (inline t est bus). The baseline descriptions of the test 

buses are presented in Tables 3.1 and 3. 2 for the transverse and inline test buses, 

respect ively. Baseline fuel consumption was determined in Tests T- 1 and I-2 . In other 

tests a load weight or a component was changed, and the vehicle's fuel consumption in thi s 

ne w configuration was determined. Finally, the vehicles were restored to T- 1 and 1-1 test 

configurat ions and retested to make sure that some und iscovered factor had not alt e red 

the vehicles' fuel consumption during the course of testing. Table 3.3 shows the changes 

which were made during test ing. Table 3.4 and Figures 3.3 and 3.4 present the resul ts of 

the t ests as a percent change in fuel economy from the baseline configuration. Figures 

3.3 and 3.4 reflect the fact that SAE J1321 permits determination of fuel economy to an 

accuracy of ~1 percent. Thus when reading Figure 3.3 for 1.5 x SLW one should reali ze 

that even though the tests showed a decrease in fuel economy of 7 percent, the act ual 

change in fuel economy could range from -6 percent to -8 percent, i.e., anywhere in the 

light gray band of the bar chart. It must be realized that these percent changes are not 

additive; one cannot add two 5-percent fuel economy improvements due to com pone nt 

cha nges and conclude that if both components were changed that the fuel e conomy 

improvement would be 10 percent. 
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FIGURE 3.1. FLXIBLE TEST BUS 

-
FIGURE 3.2. NEOPLAN TEST BUS 

19 



TABLE 3.1. SPECIFICATIONS OF FLXIBLE TEST BUS 

Bus Manufacturer: Grumman Flxible Corp. 

Model Number: 870 

Date of Manufacture: August 1982 

Vehicle Identification Number: 1GF4AA5K1CD094968 

Length, ft: 40 

Width, in.: 102 

Height, in.: 118.9 

Wheelbase, in.: 299 

Passenger seats, no.: 48 

Wheelchair lift: No 

Engine: 6 V92T A 

Fuel injectors: 7G75 

Transmission: V730 D 

Torque converter: 490 

Axle ratio: 4.556 

Tires: Goodyear City Cruiser XT 12.5x22.5 "H" Series 

Fuel Tank Capacity, US gallons: 135 

Air-conditioning system: Yes 

Power steering pump: Vickers A TM-42 

Empty Weight (as run with test equipment, driver, and observer): 

Front axle: 

Rear axle: 

Total: 

7940 

18240 

26180 

Seated load weight: 

Front axle: 10970 

Rear axle: 

Total: 

21970 

32940 

1.5 x Seated Load Weight: 

Front axle: 12820 

Rear axle: 

Total: 

24050 

36870 
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TABLE 3.2. SPECIFICATIONS OF NEOPLAN TEST BUS 

Bus Manufacturer: Neoplan USA 

Model Number: AN-440-A 

Date of Manufacture: 1983 

Vehicle Identification Number: IN9TAS2AXDL013310 

Length, ft: 40 

Width, in.: 102 

Height, in.: 129.5 

Wheelbase, in.: 272 

Passenger seats, no.: 42 

Wheelchair lift: No 

Engine: 6 V92T A 

Fuel injectors: 7G75 

Transmission: HT7 4 7 

Torque converter: 495 

Retarder: Telma Focal 155 (Installed for tests I-1 and I-6) 

Axle ratio: 4.889 

Tires: Goodyear City Cruiser XT 12.5x22.5 "H" Series 

Fuel Tank Capacity, US gallons: 125 

Air-conditioning system: Yes 

Power steering pump: Vickers 

Empty weight (as run without retarder and with test equipment, driver, and observer): 

Front axle: 

Rear axle: 

Total: 

8990 

18840 

27830 

Seated load weight: (without retarder) 

Front axle: 11650 

Rear axle: 

Total: 

22480 

34130 

1.5 x Seated Load Weight: 

Front axle: 12900 

Rear axle: 

Total: 

24780 

37680 
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TABLE 3.3. TEST BED BUS CONFIGURATIONS 
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These transmissions are currently designated V 731ATEC (Allison Transmission Electronic Control). 
Bus with transverse mounted engine. 
Bus with in-line mounted engine. 
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TABLE 3.4. FUEL ECONOMY TEST RESULTS 

Test Configuration 
Number Change Commuter Arterial CBD Combined* 

1-1 With Retarder 0 0 0 0 
1-2 Baseline** 0 0 0 0 
1-3 1.5xSLW -2 -6 -1 - 2 
1-4 Empty 8 9 12 10 
1-5 Radial Tires 10 8 9 9 
1-6 Retest With Retarder 0 -4 0 -1 

T-1 Baseline 0 0 0 0 
T-2 1.5xSLW -6 -7 -7 -7 
T-3 Empty 7 11 13 11 
T-4 5. 375 Axle Ratio -14 6 - 2 -2 
T-5 UEC Transmission 0 2 -5 -2 

(Optional PROM) 

T-6 UEC Transmission 1 11 -2 2 
(Fuel Economy PROM) 

T-7 Retest Baseline 1 0 -3 -1 

* Percent change in fuel economy; plus numbers are increases in fuel economy from the 
baseline configuration and minus numbers are decreases. The baseline test for each 
bus was run with: 

(1) Seated load weight (SLW) 
(2) Air conditioning off 
(3) Evaporator fan or ventilation fan on 
(4) Diesel No. 2 Supreme fuel 
(5) Exterior and interior lights on. 

** The baseline test was run without the retarder installed. 
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Briefly stated, the results of this series of tests are: 

(1) For the inline bus: 

(A) The absence or presence of the Telma retarder has no measurable 

effect on fuel economy. 

(B) Loading the bus to 1.5 times seated load weight from seated load 

weight decreased its fuel economy by 2 percent. 

(C) Unloading the bus from seated load weight to empty increased the 

vehicle's fuel economy by 10 percent. 

(D) Radial tires improved the fuel economy by 9 percent when 

compared with bias ply tires, both at seated load weight. 

(E) When retested in its baseline configuration, the vehicle's fuel 

economy had changed by 1 percent. Since the test results 

presented, based on J1321, are accurate to within ±:1 percent, we 

conclude that the bus baseline fuel economy did not change during 

the test and thus all of the results are valid. 

(2) For the transverse bus: 

(A) Loading the bus to 1.5 seated load weight from seated load weight 

decreased its fuel economy by 7 percent. 

(B) Unloading the bus from seated load weight to empty improved its 

fuel economy by 11 percent. 

(C) Changing from the 4.556 axle ratio to a 5.375 axle ratio decreased 

the overall fuel economy by 2 percent. However, in the com muter 

phase there was a 14 percent measured decrease in fuel economy. 

(D) Changing from the standard shift sequence hydromechanical trans

mission to the electronic transmission (UEC), with the PROM 

installed which duplicated the hydraulic optional shift sequence, 

reduced fuel economy by 2 percent. 

(E) Changing to the fuel economy PROM with reduced modulation shift 

increased fuel economy by 2 percent from baseline and by 4 per

cent from operation with the hydraulic optional shift sequence 

PROM. 

(F} When retested in its baseline configuration, the fuel economy of 

the bus had not significantly changed. Thus, all of the results are 

valid. 
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3.2 Conclusions 

The objective of this program was to determine the fuel economy impact of 

changes in vehicle weight or selected componentry of two 40-foot transit buses. This 

objective has been satisfied. 

The data demonstrates that these tests are accurate to the level expected for 

the fuel consumption test procedure, SAE J1321. The results were also repeatable, within 

:!:_l percent. The overall success rate of testing (number of valid runs/total number of 

runs) was 84 percent. 

An analysis was done of the requirement for 6 runs to complete the test for a 

particular configuration. In this program, 13 configurations were tested. Eleven of the 13 

combined T/C ratios would have been the same if 3 runs had been considered a complete 

valid test. In the other two tests, the requirement of 6 valid runs changed the results by 

1 percent. 

This series of tests, and the previous series of tests on six 40-foot transit 

buses, were run with temperatures ranging from 23 F to 94 F. This shows that SAE J1321 

can be used successfully over a wide range of temperatures when the control and test 

vehicles are equipped with the same basic engine. 
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JOINT TMC/SAE FUEL CONSUMPTION TEST 
PROCEDURE-TYPE II-SAE J1321 OCT81 
Report of the SAE/DOT Advisory Committee, approved October 1981. 

1. Scope- This recommended practice provides a standardized tes t pro
cedure for comparing the in-service fuel consumption of two conditions of 
a test vehicle or of one test vehicle to another when it is not possible to run 
the two or more test vehicles simultaneously . An unchanging control ve
hicle is run in tandem with the test vehicle(s) to provide reference fuel con
sumption data. This procedure is especially suitable for testing com ponents 
which require substantial time for removal and replacemen t or modification , 
such as engines, transmissions, tag-axles, and cab sheet metal. This pro
cedure may also be used for comparison of entire vehicles and for easy-to
change components (those referenced in the Type I test described in SAE 
Recommended Practice, SAE JI 264). The test may utilize fleet vehicles 
operating over representative routes. 

The result of a test using this procedure is the percent difference in fuel 
consumption between two test ve hicles o r the difference in fuel consump
tion of one vehicle in two different test conditions. 

The fuel measurement method is a key factor in determining the overall 
accuracy achievable with this procedure. If the weighing method is used, 
overall test accuracy is best and, based on test experience, will be within 
±I % (for example, 6% measured improvement can be from 5- 7% actual 
improvement). (Sec Section 6, Test Accuracy.) 

The following four basic rules must be applied to this procedure to insure 
test result validity: 

(a) The test routes and cargo weight should be representative of actual 
operation. 

{b) A single test is inconclusive regardless of the results. A single test 
should be taken as an indicator. Test results must be repeatable to have 
validity . 

(c) The more variables controlled, the more conclusive the results. 
{d) All test procedures or methods are accurate within prescribed 

limits. If the component or system being tested by a given procedure 
shows a degree of improvement which is equal to or less than the accuracy 
limit of the procedure, an additional number of tests should be conducted 
to determine its true value. If a number of such tests do not show con
sistent results, then one must conclude that the changes caused by the 
component or vehicle system are less than can be measured by the test pro
cedure. 

2. Jdentification-Sufficient information is to be recorded to identify 
the vehicles under test and the route over which the test is conducted. 
Minimum information required is shown on the Type II Test Data 
Form # I (Vehicle Identification). 

3. Definitions 
3.1 Vehicles "C" and "T"-The vehicles being used for test purposes 

are identified "C" and "T." This identification applies to the vehicles and 
associated equipment, including the trailer, in the case of tractor/trailer 
combinations. Vehicle °C 11 is the control and is not modified in any way 
during the entire test. Control vehicle fuel consumption is used only to 
generate control data. It is necessary that Vehicle "C" be dedicated to the 
test and not used for other purposes until the entire series of tests is com· 
pleted . The singular purpose of Vehicle "C" is to monitor the test ro ute, 
ambient conditions, and test procedures for each test run. Vehicle "T" is 
the test vehicle used to evaluate components. The procedure also has the 
capab ili ty to test two test vehicles, comparing one to the other. (See para
graphs 5. 12 and 5.13 for explanation of the two-vehicle test.) 

3.2 Test Run-A test run is a complete circuit of the test route. A 
test run always starts and ends at a common point. This may be accom· 
plished by using either a closed loop of highways or a single highway with 
one-half of the test run outbound, a turnaround point, and one-half of the 
test inbound, or a test track. Each vehicle test run generates one data 
point. To be usable, a test run must meet the constraints of paragraph 5.9. 

3 .3 Data Point-A data point is the quantity of fuel consumed by ave
hicle on a test run. 

3.4 T/C Ratio-A T/C ratio is the ratio of the quantity of fuel con
sumed (data poin't) by the test vehicle to the quantity of fuel consumed 
(data point) by the control vehicle during one test run. 

3 .5 Baseline Segment-A baseline segment is composed of a minimum 
of three valid T/C ratios. A baseline segment establishes baseline fuel con
sumption o f the test vehicle o r the first of two vehicles to be tested . (See 

NOTE: TMC-The Maintenance Council of the American Trucking 
Association , Inc. 

SAE Recommended Practice 

paragraphs 5.10, 5. 1 I, 5.12, and Appendix I, Sample Calculations, for 
further explanation.) 

3 .6 Test Segment-A test segment is also composed of a minimum of 
three valid T /C ratios. A test segment establishes the fuel consumption of 
the test vehicle after modification or the fuel consumption of the second 
of two vehicles tested. A valid test segment must be compared to a valid 
baseline segment. (See paragraphs 5.10, 5.1 l, 5.12, and Appendix I, 
Sample Calculat ions, for further explanation.) 

3.7 Complet~ Test-A complete test is composed of a baseline segment 
and a test segment. 

4. Test Preparations 
4.1 Test Route Selection 

4.1.1 For Long-Haul Operations-A test route representative o f actual 
operation of not less than 40 miles (64.4 km) should be selected for con
ducting the test. The route selected must allow high probability of an un
interrupted test. (Record on Test Data Form # 1.) 

4. 1.2 For Other Operations (Pick-up and Delivery (P&D), Construction, 
Transit Buses, etc.) - A representative test route must be selected which will 
provide sufficient distance and time to consume a minimum of 30% of the 
test tank capacity o r a minimum of 6 gal (22 . 7 L) of fuel, whichever is 
greater. The rou te selected must allow high probability of an uninter
rupted test . (Record on Test Data Form #1.) 

4.2 Vehicle Test Speeds-The test speeds selected should be represent
ative of average operation as determined by the operator conducting the 
test and be within the capability of the test veh.\<;les. Vehicles are to be 
operated according to vehicle, engine, and transmission manufacturers' 
recommendations (engine speeds and shift points). If the test vehicles can 
be operated in more than one transmission or differential ratio over any 
part of the test route at the speed selected, a pre-determined driving pro
cedure must be specified. At no time during the test cycle should one ve
hicle control the speed or performance of the other vehicle; however, they 
should be run at basically the same time in order to experience the same 
ambient operating conditions. (See paragraph 5.4.) 

4.3 Vehicle Type and Configuration-Vehicles "C" and "T" are not 
required to be of the same general configuration. However, it may re-
quire more test runs to obtain three valid T /C ratios when extreme dif
ferences in configuration exist between control and test vehicles. All ve
hicles must be in proper operating condition as determined by the operato r 
conducting the test. (See paragraph 7.7.) Vehicle "C" need not have the 
same engine, driveline, axle ratio, or tire size as the test vehicle. ( Record 
on Test Data Form # 1.) 

4.4 Cargo Weights-The cargo weights selected for the test should be 
representative of the fleet operations and be within the capability of the 
vehicles under test. Equal gross weights for Vehicles "C" and "T" are not 
necessary but are desirable. If two test vehicles are being compared, the 
cargo weights must be the same. Cargo weight must not change during a 
test unless a change in weight is a factor being tested. ( Record measured 
weights of control and test vehicles on Test Data Form # 1.) 

4.5 Driver Selections-Drivers selected should be sufficiently skilled so 
that test results are not affected by the driver's technique improvement 
during the test period. Drivers should also have a strong motivation for 
unbiased results and excellence of test procedure conduct. 

4.6 Observers-Observers should be assigned to each vehicle . The ob
server records the data outlined in paragraph 5.5 . Complex driving cycles 
require observers; simple driving cycles may not require observers. 

4. 7 Fuel Measuring 
4 .7 .1 Portable Weigh Tank Method-This method of fuel consumption 

measurement requires that a portable tank of at least 16 gal (60.6 L) 
capacity be installed on each vehicle. The portable tankl must have pro
visions for both supply and return of fuel . The fuel line connections to the 
portable tank must be fitted with quick-disconnect fittings to allow for 
removal without spillage. The portable tank weigh method requires a 
good quality scale2, accurately calibrated in increments of 0.1 lb (45 g) 
or 1 oz (28.4 g). (Use Test Data Form #2 for recording data.) When 

1 It is strongly recommended that the portable tanks selected have a high 
degree o f mechanical integrity . Temporary installation of an automobile 
fuel tank is not recommended . 

2 A good sca le for this purpose is Accu-weight Model 200 or equivalent . 
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reading a scale with graduations marked at each ounce.', it is a simpk 
matter to interpolate to I /4 oz. A dead weight of approximately I 00 lb 
(45.4 kg) is required to check scale repeatability immediately precet·din~ 
each series of fuel tank weighings. (See paragraph 7.4.) 

4. 7 .2 Flow Meter Method-If vehicles are fitted with on-board flow 
meters, these meters must be capable of temperature density compensation 
and must be calibrated to a minimum accuracy of ± 1 % at a flow ratt· con
sistent with the vehicle being tested. (Use Form "2 for recording data.) 
(See paragraph 6.2 for test accuracy with fuel meter.) 

4. 7 .3 Fuel Temperatures-The fuel temperature in the portable weigh
ing tanks should be kept below 160° F (71 °C). Fuel coolers can be used 
to maintain the temperature below that value but positioning the portabk 
weigh tank in an area of good air flow is an easier solution. 

4.8 Baseline Segment-Vehicles "C" and "T" must make sufficient 
test runs to complete a baseline segment. (See Appendix I, Sample Cal
culations.) After the baseline has been established, modification is mark 
to Vehicle "T". No chat1ge is made to Vehicle "C"for the d11ratiu11 of 
the test. Vehicle "C" must remain the same vehicle, without chan~e. and 
used for test purposes only, even if modification to Vehicle "T" requires 
several weeks. If trailers are used, the trailers and loads must be used for 
test purposes only, or be set aside , unchanged, until the test is co mpleted. 

4.9 Test Segment-Vehicle "C" and modified or new Vehicle "T" 
must make sufficient test runs to complete a segment. (See Appendix I, 
Sample Calculations.) 

5. Test Procedure 
5.1 Vehicles uc" and "T" must follow the same start and warm-up 

procedures. Warm-up speeds should be at or near test speeds. The time 
of warm-up must not be less than I h. Longer warm-up periods may be 
required at colder temperatures. Warm-up and driver familiarization with 
the test route can be accomplished at the same time. This test procedure 
is structured to measure fuel consumption differences of warmed-up 
vehicles. 

5.2 Record weather, road conditions, traffic conditions, wind velocity. 
wind direction, temperature , humidity, and barometric pressure for each 
test run. (Record on Test Data Form #2.) These data are not used in cal
culation but are useful in evaluation o f test results. 

5.2.1 Wind velocity may be checked with an inexpensive man·,,,, t,•pc3 
hand held wind indicator. 

5.2.2 Weather data may be obtained from a local airport or o ther 
weather bureau service. 

5.3 Vthicles "C" and "T" are moved to the markc:d starting point and 
parked with engines stopped. Portable fuel tanks are topped off, weighed, 
and the weight recorded. Fuel measuring equipment, if used, and 
odometers are read and the data recorded. (Use Test Data Form r 2.) 
Vehicles must be fueled from the same dispenser during the entire test 
to insure consistent fuel grade and quality. 

5.4 The driver of Vehicle "T" should start the engine and leave the 
starting area on a predetermined test route. (Engine start time is recorded 
on Test Data Form #2-2.) After approximately 5 min, the driver of Ve
hicle "C" should start the engine and leave on the test route . (Engine 
start time is recorded on Test Data Form ;;2- 1.) The interval spacing is 
to insure that one vehicle will not impose an artificial performance limit 
on the following vehicle and will also allow fueling between runs without 
disproportionate cooling. Care should be taken to insure that cool-down 
periods are identical for both vehicles and for all test runs. Cool-down 
periods at start of test and between runs should not be more than 5 min. 

5.5 Observers , if used, should make and record a minimum of ten 
elapsed time recordings on each run using the Observer's Worksheet. These 
calculations are made using stopwatches and mile (km) posts . If mile (km) 
posts do not exist on the test route, measured miles (km) must be laid out 
prior to conducting the test. Using a stopwatch, observers also record the 
time the vehicle is stopped at any point on the test route other than at the 
start and finish point. The time stopped on the course should occur only 
at stop signs. The vehicle stopped time is subtracted from the total time tu 
obtain running time for each run. (See Form # 4, the Observer's Work· 
sheet.) 

5.6 If, due to conditions or vehicle specifications, a pre-determined 
driving cycle is specified for the tes t , the observer is to coach the driver, 
making sure that the vehicle is operated as described in the pre-determined 

3Edmund Scientific Co. , Barrington , NJ, or Dwyer Instrument , Inc. , 
Michigan City, IN, or equivalent. 

drh·in~ cycle. 
5. 7 . ..\t the cn<l of rach tl'St run, l'ach \>Thick must stop at the start 

(fuding) poin t. Immediately after full stop , engines are idled for I min 
and then shut down. (Time is reco rded using Forms =2- 1 and =2-2.) 
Fuel measurt'ment equipment and odometers are read and rl'corded. (Use 
Forms =2 -1 and tt2 -2.) 

.5.8 The driver of Vehicle "C" should drive that vehicle for the com
plete test. The driver of Vehicle "T" should drive that vehicle for the 
complete test. After refueling occurs, repeat paragraph 5.3. ( Reco rd 
weather, road, traffic conditions, wind velocity, and wind direction on 
Forms =2-3 and =2-4.) Observers should also remain with their respective 
,-chicles throughout the complete test since their instructions may influ
encl' driver performance . 

5.9 . .\t the concl usion of eac h tes t run, all data arc recorded and the 
next test run is started by repeating paragraphs 5.3 throu11:h 5.6. Time to 
complete a tl'St run must he repeated within :t 0.5%. For a run which re
quires I h to complete , repeatability must be ± I 8 s. Fuel consumption 
data should not be used from runs which failed to repeat time within ±0.5% 
of other runs in the same segment for the same vehicle. With a 40- 50 
mik (64.4 - 80.5 km) long haul course, the use of runs that do not repeat 
within ±0.5%. excl uding timl· stopped on the tes t route, will affrct the 
accuracy of the res ults. Tht' operational even ts of these runs must be 
identical. The only allowed variable is time stopped at scheduled stops. 
~1orl' comple x test sched ules may be less tolerant of variations in stop 
time. 

5.10 A test consists of two segments, a baseline sc:gment and a test seg
ment. Each segment is made up of a minimum of three valid T /C ratios 
(Test Vehicle Fuel Used/Control Vehicle Fuel Used.) Valid T /C ratios must 
fit within a 2% band. (See Appendix I, Sample Calculations.) The 2% band 
means that the lowest T /C ratio cannot be more than 2% below the highest. 

5.11 If only one test vehicle is used, a baseline segment is run . The 
vchi<.:k is then modified and a test segment is run as outlined in paragraphs 
4 .1 through 4 .9 and 5.1 through 5.9. The comparison of the baseline and 
kst segments for the test ve hicle gives the test results. (See Appendix I, 
Sample Calculations.) 

5.12 If two complete vehicles arc to be compared, the Control Vehicle 
(C) and Test Vehicle One (T 1) are used in the baseline segment. The Con
trol Vehicle (C) and Test Vehicle Two (T2) are used in the test segment. 
Both segments arc run as outlined in paragraphs 4.1 through 4.9 and 5.1 
through 5.9. The comparison of the baseline and test segments of the test 
vehicle(,) gives the test results. More than one test vehicle can be run 
simultaneously in which case the divisor of the ratio is always the Control 
Vehicle (C). (T1 /C, T2 /C, T3 /C, etc.) (Sec Appendix I, Sample Calcula
tions.) 

5.13 This test procedure is for use when testing a modificat ion to a 
test \'ehide or when comparing two vehicles employing a switch of the 
complete test vehicle between baselint: segmen t and test segment. For 
t'xample, when comparing one test tractor to another, the driver and trailer 
of the baseline segment vehicle are the driver and trailer of the test segment 
vehidc. The test sc::gment is tht:n comparable to thl' baseline segment. More 
than one test can be conducted and several test vehicles can be operated at 
th t' same time. When more than one test vc:hide is run at the same time , 
th e control vehicle should be run between the tt:st vehicles and as near the 
middle as possible. A single test is inconclusive regardless of the results. A 
single test should bt takl'n as an indicator. Test results must be repeatablt 
tu have validi ty . 

6. Test Accuracy 
6.1 Properly conducted tests using portable tank weigh methods arc 

considered, based on test t·xpericnce with long-haul test routes, to have an 
overall accuracy within ± 1% (for example, 6% measured differcnct· can be 
from 5- 7% actual difference.) 

6 .2 The use of un-board meters has not been success fully demonstrated 
during the validation uf this procedure. 

7. Cautionary Notes 
7.1 Test Routt-It has been dekrmined during validation of the pro· 

ccd ure that the optimum long haul test route is om· that starts and stops at 
a common point, has a fueling point with rasy access to the test route, and 
has no traffic control lights. The turnaround should be either the cloverleaf 
type or an off ramp with a stop sign, an overhead (or underneath) cross
over, and an on ramp. A turnaround point with traffic control lights must 
be avoided. A test route that has had mile (km) markers installed is recom
mended. For other test routes (P&D, construction, transit buses, etc.) ex
perience has shown that this procedure is acceptable. However, care must 



be taken in establishing routes and their inh e rent driving cycles to insure 
they are representative of the operating parameters of the equipment under 
test. 

7.1. 1 For transit buses, the Transit Coach Operating Profile Duty Cycle4 

may be used. 
7 .2 Trailers and Weight Dedication - If trailers arc used, the trailers 

matched to Vehicles .. C" and "T" should stay with their respective tractors 
throughout the entire test. If this cannot be done with the operator's 
revenue equipment, consideration should be given to renting trailt-rs for th e 
duration of the series of test segments. Under no circumstan ct's should the 
trailers be exchanged betweeen Vehicles .. C'' and 11 T". Th<" use of revenur 
cargo for test weight should be avoided to prevent delay of freight or loss 
of cost ly test data due to an unavoidable e xtension of tht' test pe riod 
and/or cargo deli\'ery commitments. 

7 .3 Vehicles "C" and "T" should be operated at test speeds for not less 
lhan 1 h, for warmup before test cycles are ru n, to insure that the vehicles 
approach temperature stabilization in all components. Invalid test runs 
may result if higher fuel consumption is caused by temperature-i nduced 
frictional resistance in one, but not all, of the vehicles used to conduct the 
test. If fuel consumption during warm-up is being tested, Vehicles "C" and 
"T" should not be opt'rated for a minimum of 12 h prior to starting each 
test run. 

7 .4 Portable tanks must be weighed on the same portable scales. (See 
paragraph 4.7 .I.) Th,· outside of the portable fuel tanks should be wiped 
clean of dirt and fuel each time they are weighed . The scale site should be 
protected from winds. Scal,-s must be checked with a known deadweight 
of approximately /00 lb (45.4 kg} before each series of readings. The 
portable scales should not be moved between the initial and final weighing 
of a given test run unkss particular attention is paid to checking the scale's 
repeatability in a second location. (See paragraph 4.7.1 , etc.) 

7 .5 It is strongly recommended that all drivers and observers of Vehicles 
"C" and "T" be required to drive and ridt· over th e test route at leas t once 
before testing. Familiarit y with grades, required shifting, braking, speed 
maintenann·, etc., will lead to greater accuracy and repeatability. 

7 .6 To minimize test variab ility when driving the warm-up run or first 
test run, it is recommended that each driver mentally note the precise loca
tion on the test route where he applies the brakes and for how lo ng, where 
he shifts gears, and where he accelerates and decelerates. Each subsequent 
run should be an exact duplicate of th e previous run and no attempt to im
prove should be made . 

The use of stopwatches by observers and/or drivers to facilitate the 
measurement of time and speed bctwc:en mile (km} markers has been 
found to be a valuable aid in meeting the: time requirements of this test 
procedure. 

It has also been found useful to select mik (km) marker check points 
along the route and record the time between markers, the time to negotiate 
a cloverleaf, and the time elapsed from interstate ramp to ramp. The 
selected check points should remain the same fo r each test run. No attempt 
should be made to com pensate for a fast or slow elapsed time between two 
previous c hec k points . 

7 .7 To minimizt' test variability, it is n~commended that all vt"hicles 
(C and T) being tested be in similar mechanical conditions, be representativ,· 
of thl· operator's vehil:k(s) in\'olvt:d in th(' test, and havt· (c:xccpt in tht· 
case where this is th e item being eval uated): 

(a) Each engine governor set to manufactun·r's recommendation or the 
operator's standard. 

(b) New air cleaner ele ment and new fuel filters. Installation of new air 
cleaner t:lem<:nt can be waivt"d if vchick's inkt rt"striction dot·s not exceed 
15 in 1120 (3.7 kPa). 

(c) Each vehicle reasonably clean and [ret· of sh,·et metal dents, tears, or 
missing body parts. Fiberglass hoods should b,· intact. 

(d) Cab side window openings the same in each vehicle, open or closed, 
for the e ntire test. 1-·or transit buses, all windows should stay the same 
(open or closed) for entire test. 

(e) Accessory load for each ve hicle as consistent as possible (for example, 
by turning air conditioning off, defroster off, ht·at switch at the same 
position, and lights on). 

(f) Trailer free of damage to ex terior surfaces that would affect aero
dynamic drag. 

4 Baseline Advanced Design Transit Coach Specification. Part II , para
graph 1.2 (17), Guideline procurement document for new JO and 40 ft 
(I 0.4 and 12 . 2 m) coach design. Published by DOT and UMTA. 
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(g) Truck/tractor alignment checked and proper. Trailer axle alignment 
checked and proper. 

(h) Each vehicle properly lubricated prior to test. All fluid levels should 
be checked and be at prescribed levels . 

(i) Temperature controlled fan drives and shutters locked in the same 
operating mode throughout the test. 

U) Cold tire pressures measured and inflated to operator's standard. 
(k) A stall check made on vehicles equipped with automatic transmis

sions and torque converters. 
(I) Exhaust system back pressure below engine manufacturer's maximum 

recommended limit and within 0.5 in Hg (I. 7 kPa) between test veh icle 
engines of the same make and model. 

(m) Prupcr brake adjustment. 
7 .8 At the end of each warm-up and at the end of each test run, all ve

hicles must be checked for mechanical changes that would affect test re
sults. Typical checks would include: 

(a) Oil pressure and leaks. 
(b) Coolant temperature and leaks. 
(c) Exhaust gas temperature. 
(d) Engine air filter restriction 
(e) Electrical load . 
(f) Tire pressures. 
(g) Brake dragging (i.e. temperature). 
(h) Exhaust smoke. 
(i) Observed ability to maintain selected test speed. 
(j) Transmission or differential leaks. 
(k) Intake manifold pressure (turbocharger boost). 

7 .9 Drivers of Vehicles "C" and "T" should be interviewed between 
test runs to ascertain any differences in the apparent handling, power, and 
braking characteristics of their respective vehicles. If changes occur between 
the test runs of either the baseline segment or the test segment, the test 
data should be discarded and the test re-run after correction of the prob-
lem. · 

7.10 In order to obtain results which may be considered representativt" 
of actual service conditions, it is important to reproduce typical servict' 
conditions during the test. This applies to load weights, routes, grades, 
vehicle speeds, weather, wind conditions, drivers , etc. For example, if the 
actual service vehicles generally operate in a· part of the country where hills 
exist over a substantial portion of the routes, the test should be conducted 
on similar terrain in order to obtain the most representative results. 

7.11 Because of the special nature of aerodynamic drag reduction 
equipment (deflectors, body fairings, roof fairings, vortex stabilizers, etc.) 
comparison tests between brands or types should not be run with two 
trucks. If comparative results are required, additional test trucks art' 
recommended during any give n test. The entire range of results may be 
either higher or lower than average conditons depending upon the weatht'r 
(wind velocity and direction) on the days during which the tests were con
ducted. To minimize the effects of high or low yaw angle wind effects, a 
circular route or closed loop of highways is recommended. 

7 .12 The accuracy of odometers and speedometers of Vehicles "C" 
and "T"' should be determined during tht' warm-up test and compensations 
made for error during actual test runs. If odometer readings (total miles 
(km))between two vehicles differ, it is recommended that the two elapsed 
mileage (km) readings be averaged and this value be used for calculation 
purposes. Another accep table method would be to use a vehicle with 
known speedometer and odometer accuracy and use that distance for 
rakulations of mpg (krn/L) conversions . 

7.13 If test participants arc extremely careful and pay attention to all 
details of the procedure, it has been found that it is highly unusual that 
more than five test runs are required to comple te a segment. It has also 
been found that, almost without exception, a procedural error or a ffil'· 
chanical problem can be identified when it is necessary to throw out a test 
run. 
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APPENDIX I 

SAMPLE CALCULATIONS 
Al. Derivation of Baseline Data 

Al.I Baseline Segment 
A. 

Fuel Consumed, 

Test Run No. 
Fuel Consumed, 

lb or kg, Test 
Vehicle (Data Point) 

lb or kg, Control T /C Ratio 

2 
3 

78.94 
79.41 
77.50 

Vehicle (Data Point) 

68.04 
66.84 
66.84 

Check: T/C values must be within 2o/,l: 
After three test runs: 

1.160:! 
1.1881 
I. I 59 5 

B. Highest T/C ratio x .98 = minimum acceptable T /C ratio 
I.J88J X .98 = 1.1643 

The T/C ratios derived by test runs =I and ;=3 arc less than th,· minimum 
acceptable T/C ratios calculated in B. Therefore, additional baseline data 
are required. This comparative test to assure T /C ratios within 2% should 
be made after the third test run and then after each succeeding test run 
that is required. When three test runs repeated within 2% of each other, as 
chec ked in B, have been computed, the baseline segment is complek. In 
this example, an additional test run is required. 

Test Run No. 

I 
2 
3 
4 

Fuel Consumed, 
lb or kg, Test 

Vehicle (Data Poin t) 

78.94 
79.41 
77.50 
78.54 

After four test runs: 
C. 

Fuel Consumed, 
lb or kg, Control 

Vehicle (Data Point) 

68.04 
66.84 
66 .84 
67.84 

I. Highest T/C ratio x .98 
J.1881 X .98 

minimum acceptable T /C ratio 
1.1643 

T /C Ratio 

1.1602 
1.188 I 
1.1595 
1.1577 

2. Second highest T/C ratio x .9 8 = minimum acceptabk T/C ra ti o 
1.1602 X .98 = 1.1370 

Because there are three T /C ratios greater than the minimum accep table: 
T/C ratio as determined by calculation C.2., th e requirement that thre,· test 
runs fall within a 2% band has been met and the baseline segment is com
plete. 

Test runs # 1 and ,1;3 were valid when tested by comparison with test run 
# 4. Therefore, run #2 is considered faulty and is deleted as part of the 
baseline segment. Since test runs # 1, # 3, and -#t4 meet th<' 2% require
ment, a # 5 test run is not required. 

The same procedure shown at A and B is repeated as in C. 
If a fifth test is required to get three valid T/C ratios, the determination 

of th ose runs is done per item D. 
D. 

I. Highest T/C ratio x .98 = minimum acceptable T/C ratio 
2. Second highest T/C ratio x .98 = minimum acceptable T/C ratio 
3. Third high est T/C ratio x .98 = minimum acceptable T/C ratio 

Note: If test participants are extre mely careful and pay attention to all 
details of the procedure, it has been found that it is highly unusual that 
m ore than five test runs are required to complete a segment. It has a lso 
been found that, almost without excep tion, a proce dural error or a me
chanical problem can be identified when it is necessary to throw out a tes t 
run. 

The test segment may now be started. 
AI.2 Test Segment-Make similar calculations as in baseline segment. 

{Typical test segment results are shown in paragraph A2.2 .) 
A2. Calculation of Results-After finishing a baseline segment and a test 

segment, calculate the result. That is, compare the baseline segment, per-

1 Use .98 as a multiplier for this purpose. 

formed before the component chang-t' was made to th e truck, to the tes t 
segment, perfo rmed after the change. Each segment was run until three 
T /C ratios or fuel consumption werc ob tained which met th e 2% test. For 
calcu lating the results, we must n ow compare th em. 

A2.l Baseline Segment T/C Ratios 

TestRun=I ...... . ... 1.1602 
=3 ... ..•. ... 1.1595 
=4 ....... ... l.!.122 

A\'l' . 3.4 774 3 1.159 I 

A2.2 Test Segment T/C Ratios-(See Al.2.) 

Test Run = :! ........ . . 1.0959 
=3 .......... 1.1080 
= 4 ...... .. .. 1.0936 

Avt·. 3.2975 3 1.0992 

The T / C rat ios derived in each segment art· ra tios comparing the fuel con
sumption of th e test vehicle (T) to th,· control vehicle (C). It is by compar
ing these ratios that we dc::ri,·c the percl'ntage improvement (positive or 
negative) between th e baseline segment (bcfon· th e component change) 
and the test segment (after the component change). 

A2 .3 Percent Fuel Saved 
(Ave. Baseline T /C - A,-c. Test T /C) .;. Ave. Baseline T/C 

= {1.1 59 1 · 1.0992) .;. 1.1591 
= (0.0517 x 100) = 5 .1 7% Fuel Saved. 

A2.4 Percent Improvement 
(Ave. Baseline T /C - A,·e. Test T /C) c- Ave. Test T/C 

= ( 1.1 59 1 · 1.0992) .;. 1.0992 
= (0.0545 x I 00) = 5.45% Improvement. 

A3. mpg (km/L) Conversion-The preferred method of expressing th e 
result of a test is as a percent of fuel saved, as described in paragraph A2.3. 
If it is desired to see fuel consumption stated in mpg (km / L) it must be 
emphasi zed that these valut:s apply to the spc<.:ific test conditions only. 
This section of the proccdun· describes how to state the results in consis tent 
mpg (km/L) values. The fuel consumpti on of the control vehicle is used , in 
an arbitrary role, in this calculation. For reasons of consistency, so th at 
the resulting mpg (km/L) values can be compared with each o ther, it is im
portant that the same control vt·hick mpg (km/L) value be used to derive 
all test vehicles ' mpg (km / L) valu es. Two ways of calculating this repre
sentative control vehicle mpg (km/L) arc shown and the choice between 
tht:m is not important. It is important that the pn:caution be followt:d of 
using only one representative co ntrol vehicle (including driver) mpg {km/ L) 
value to calculate all mpg (km / L) values which might be compared with 
t·ach otht'r. 

The fud spt'cific weight o f tht· act ual test fuel should bt' dett-rmint·d and 
used for this calculatio n. As an alt<rnatiVt', a value of 7 .05 lb /gal 
(0.84 kg/ L) for =2 diesel and 6.0 lb /gal (0. 7 2 kg/ L) for gasolint· may be 
used. 

A3.l Representative Control V~hicle mpg (km/L)-Thc control \T

hiele represen ta tive mpg (km / L) can b,· ob tained from valid ful'i consump
ti o n for o ne day u r from the va li d furl co nsumption for every time that 
control vehicle was ust:d 2. ~or this t'Xampk, the basdinl' st:~mt:n t valid 
runs will br use d. : 

68.04 
66.84 
67.84 

Run = I 
Run =3 
Run =4 

202. 72 lb fo r 3 runs 

202.72 lb .;. 7.05 lb /gal 
(91.95 kg.;. 0.85 kg/ L 

50 miles x 3 runs 
( 80.5 km x 3 runs 

150 miles 
(241.4 km 

28.75gal 
108.17 L 

28.75 gal 
108.17 L)3 

150 milt-s 
241.4 km)4 

5.22 milcs /gai4 
2.23 km/L) 



A3.2 Test Vehicle Baseline mpg (km/L) 
Control vehicle representative mpg (km/L) .;. Ave. Baseline T /C Ratio 

5.22 mpg .;. 1.1591 
(2.23 km/L.;. 1.1591 

Teat Vehicle Test mpg (km/L) 

4.50 mpg 
1.92 km/L) 

Control vehicle representative mpg (km/L) .;. Ave. Test T/C Ratio 

5.22 mpg .;. · 1.0992 
(2.23 km/L.;. 1.0992 

A3.3 Improvement in mpg (km/L) 

Test • Baseline 

4.75 mpg 
2.03 km/L) 

4.75 
(2.02 

4.50 
1.92 

0.25 mpg improvement 
0.10 km/L improvement) 

2s .22 mpg (2 .23 km/L) has been established as representative of this 
control vehicle recognizing that tests run on other days under different 
weather conditions will result in a different mpg (km/L) value for the con
trol vehicle. However, for other tests where thjs control vehicle is used for 
the purpose of converting to mpg (km/L) the 5.22 mpg (2.23 km/L) must 
be used as the representative value if a valid mpg (km/L) conversion is to 
be made . If a new representative value is used, all previous mpg (km/L) im
provements must be recalculated using the new representative value . 

3To convert lb to kg multiply lb by 0.4536. 
4To convert miles to km multiply miles by 1.6093. 

5 
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TYPE II TEST DATA FORM =1 (VEHICLE IDENTIFICATION) 

Fleet _________________ _ 

Unit Number 

Make 

Model 

Year 

Number of Axles 

Number of Drive Axles 

Engine Make/Model 

Governed Speed@ No Load (High Idle) 

Rated Power (bhp) 

Rated Speed 

Peak Torque 

Peak Torque Speed 

Transmission Make/Model 

Geared For 

Differential Make/ Model 

Differential Ratio 

Tire Size/Type/Make/Model 

Tire Pressure (Cold) 

5th Wheel Setting (express in 
in (mm) the distance 5th wheel 
fulcrum is ahead or behind the 
center Ii ne of bogie) 

Power Unit 

Date ____________ _ 

at 

in 

Control Vehicle 

_______ RPM 

_______ hp (kw) 

_______ RPM 

_______ lb-ft 

_______ RPM 

_______ mph (km/h) 

_______ RPM 

_______ gear 

_______ psi (kPa) 

_______ in (mm) 

Note : In areas where two units are shown [i .e., hp (kw)] circle the unit used . 

Test ti: 

at 

in 

Test Vehicle 

_______ RPM 

_______ hp (kw) 

_______ RPM 

_______ lb-ft 

_______ RPM 

_______ mph (km/h) 

_______ RPM 

------- gear 

------- psi (kPa) 

_______ in (mm) 



TYPE II TEST DATA FORM # 1 (VEHICLE IDENTIFICATION) (Continued) 

Trailer/Body 

7 

Fleet _________________ Date Test # _________ _ 

Unit Number 

Make 

Model 

Year 

Type (Van, Flatbed , Tank, Etc.) 

Type of Side 

Type of Corner 

Height 

Length 

Tire Size/Type/Make/ Model 

Tire Pressure (Cold) 

Number of Axles on Trailer (s) 

G. V.W. (Measured on Scale) 

Kingpin Setting 

Cab-to-Trailer Gap 

Control Vehicle 

------- psi (kPa) 

in(mm) 

in(mm) 

Test Vehicle 

_______ psi (kPa) 

in (mm) 

in (mm) 



8 TYPE II TEST DATA FORM :;:1 (VEHICLE IDENTIFICATION) (Continued) 

Devices, Components, or Systems That Are Incorporated 
into Control and Test Vehicle Specifications 

Fleet -----------------
Date ____________ _ 

Control Vehicle 

No Yes Type 

Radiator Shutters (on-off or modulating) 

Engine Cool ing Fan Sys. (Describe below-A) 

Aerodynamic Device (Describe below-B) 

Engine Oil 

Transmission Lube 

Differential Lube 

Fuel Heater 

Oil Cooler 

Tag Axle 

Air Lift Axle(s) 

Low Back Pressure Exhaust System 

Other: 

Test ::t 

No 

Test Vehicle 

Yes Type 

A _________________________ ....,_ ______________________ _ 

8----------------------------------------------------



TYPE II TEST DATA FORM # 1 (VEHICLE IDENTIFICATION) (Continued) 

Fleet ------------------
Date ____________ _ 

Test # 

Detailed Description of Vehicle , Component, or System Modification Being Tested : 

Length of Test Route from Start to Stop Point: _____________ miles (km) 

Test Route : (Describe in detail number of lanes; type of road surface; type of turnarounds; type, if any, of traffic control devic;es; 
type of terrain, hills , cuts, curves; special driving instructions; etc.) 

Driver(s) Interview 

Handling, Power, and Braking Characteristics of Vehicle(s) during Test (see paragraph 7.5) : 

Control Vehicle 

Test Vehicle 

9 
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TYPE II-FUEL ECONOMY TEST DATA FORM =2-1 

BASELINE SEGMENT OF THE CONTROL VEHICLE 

Type II Test-Portable Fuel Tank Weighing Method or Fuel Flow Meter Method 

Fleet Control Tr actor = Control T1a1le1 = _____ _ 

Dr iver Obse rve, 

Test= Date 

Test Speed Rout~ 

Test Run =1 

Scale Repeatabil ity Check Weight 

Fuel Weight/Fuel Meter Reading Odometer Time 

Start 

Finish 

Fuel Used _____________ lb/gal kg/ L !circle one ) 

T ime from Start to Fin ish h m 

Subtract Vehicle Stopped Time h m 

Vehicle Running Time 1 h m 

Test Run =2 

Scale Repeatab ili t y Check Weight 

Fuel Weight/Fuel Meter Reading Odometer Time 

Start 

Fin ish 

Fuel Used lbi gal ky/L tc11cle one) 

T ime from Start to Finish h m 
Subtr~ct Veh ic le Stopped T,me h m 

Vehi cle Ru nning T,me 1 h m 

Test Run = 3 

Scal e Repeatability Check Weight 

Fuel Weight/Fuel Meter Reading Odometer Time 

Start 

Finish 

Fuel Used lb/gal kg/ L !circle one) 

T ime from Start to Fin ish h m 

Subtract Veh icle Stopped T ime h m 

Veh icle Runn ing T ime 1 h /TI 



Test Run =4 

Scale Repeatabili t y Check Weight 

Fuel Weight/Fuel Meter Reading Odometer 

Start 

Finish 

Fuel Used ____________ lb/gal kg/ L (c ircle one) 

T ime from Start to Finish 

Subtract Veh icle Stopped T ime 

Veh icle Runn ing -.-i me 1 

Test Run = 5 

Scal e Repeatability Check Weight 

Fuel \f/eight/ FuET Meter Reading 

Start 

Finish 

Fuel Used 

Time from Start to Finish 

Subtract Veh icle Stopped Time 

Veh icle Runn ing Time 1 

Control Veh ic le MPG Calculation 

h 

h 

h 

m ___ _ 
m ___ _ 

m ___ _ 

Odometer 

lb /gal kg/ L (ci rcle one) 

h 

h 

h 

m ___ _ 
m ___ _ 

m ___ _ 

Time 

Time 

Total Fuel Used _____ lb/gal kg/ L (circle one) T ime h ____ _ 
m -----

Total Fuel Used lb /gal kg/ L2 _____ -;- 3 ____ _ gal (L) 

Total Miles (km) Ru n 

Miles (km) Run 

Weather : 

Run =<1 

Run =2 

Run =3 

Run =<4 

Run = 5 

_____ gal (L) used _____ miles /gal (km/ L) 
_____ h _____ miles/h (km/h) 

Temperature Humidity 

Barometric 

Pressure Wind Speed 

Wind 

Direct ion 

1 Running Time must repeat w ithin · 18 s for 1 h run or · 0 .5% of the ttme required to complete the test run or run data po int must not be used. See 

paragraph s 3 .2, 3 .3 , 5.5. 5 .9 . 
2 1t fuel meter is used record meter readings 1n th is column. 
3 For No. 2 d iesel , use 7.05 lb /gal 10.84 kg / U ; or for gasoline use 6 .0 lb/gal 10.72 kg / U ; o r actual spec,f,c weight of fuel can be used. 

11 
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TYPE II - FUEL ECONOMY TEST DATA FORM =2-2 

BASELINE SEGMENT OF THE TEST VEHICLE 

Type II Test - Portabl e Fu el Tank Weighing Method or Fuel Flow Meter Method 

Fleet Test T1acto1 = Ti,, t T1ai1,,. 

Dri ver Otise, vc, 

Test= Date 

T est Speed Rout,, 

Test Run = 1 

Scale Repeatability Check Weight 

Fuel Wei9ht/ Fuel Meter Readin9 Odometer Time 

Sta rt 

F inish 

Fuel Used lb /gal kg/ L (c1rcle onel 

Time from Sta rt to Finish h rn 

Su btract V eh icle Stopped T ime h m 

Veh icle Runni ng T ime 1 h m 

Test Run = 2 

Scal e Repeatabil ity Check We ight 

Fuel Weight/Fuel Meter Reading Odometer Time 

Sta rt 

F in ish 

Fuel Used lb /gal kg/ L (c11 cle one I 

T ime from Start to Finish h m 

Subtr~ct Veh icle Stopped T ime h m 

Veh icle Ru nning T ime 1 h m 

Test Run = 3 

Scal e Repeatabili t y Check Weight 

Fuel Weight/Fuel Meter Reading Odometer Time 

Start 

Finish 

Fuel Used lb,gal kg/ L (c1rclt• onel 

Time f rom Start to Fin ish h m 

Subtract V eh ic le Stopped T ime h m ,. 

V eh icle Running T ,me 1 h Ill 



Test Run =4 

Scale Repeatability Check Weight 

Fuel Weight/Fuel Meter Reading Odometer 

Start 

Finish 

Fuel Used ____________ lb/gal kg/ L (circle one) 

Time from Start to Finish 

Subt ract Vehicle Stoµµed Time 

Veh icle Running Time 1 

Test Run =5 

h 

h 

h 

Scale Repeatability Check Weight ________ _ 

Fuel Weight/Fuel Meter Reading 

Start 

Finish 

m ___ _ 
m ___ _ 

m ___ _ 

Odometer 

Fuel Used lb /gal kg/ L (circle on,i) 

T ime from Start to Finish 

Subtract Veh icle Stopped Time 

Veh icle Running Time 1 

Weather : 

Run =1 

Run =2 

Run :3 

Run =4 

Run : 5 

h 

h 

h 

Temperature 

m ___ _ 
m ___ _ 

m ___ _ 

Humidity 

Barometr ic 

Pressure 

Time 

Time 

Wind Speed 

Wind 

Direct ion 

l Running Time must repeat within · 18 s for l h run or · 0 .5% of the tim e required to complete the test run or run data point must not be used. See 

paragraphs 3.2, 3 .3, 5.5, 5 .9. 

13 
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TYPE II-FUEL ECONOMY TEST DATA FORM " 2-3 

TEST SEGMENT OF THE CONTROL VEHICLE 

Type II Test-Portable Fu el Tank Weighing Method or Fuel Flow Meter Method 

Fl eet Cont, ol Tracto, = 

Dri ver Obse, ver 

Tes t = Date 

Test Speed Rout~ 

Test Run = 1 

Scal e Repeatabili t y Check Werght 

fuel Weight/Fuel Meter Reading Odometer 

Start 

Fin ish 

Fuel Used _____________ lb /gal kg/ L (circ le one) 

Time from Start to Fin ish 

Subtract Veh icle Stopped T ime 

Veh icle Runn ing Time 1 

Test Run = 2 

Scale Repeat abd it y Check Weight 

Fuel Weight/Fuel Meter Reading 

Sta rt 

Fin ish 

h 

h 

h 

m 
m 

m ___ _ 

Odometer 

Fuel Used _____________ lb/gal kg/ L (circle on e I 

Time from Start t o Fin ish 

Subtr~ct Veh icle Stopped Time 

Veh icle Running T ime 1 

Test Run =3 

Scale Repeatabil ity Check We ight 

Fuel Weight/Fuel Meter Reading 

Start 

Fin ish 

h ____ m 

h ____ m 

h ____ m 

Odometer 

Fuel Used _____________ lb/gal kg/ L (circle onel 

T ime from Start to Fini sh 

Subtract Veh icle Stopped Time 

Vehicle Runn,ng Time 1 

h ____ m ___ _ 
h ____ m ___ _ 

h ____ 11 1 ___ _ 

Con t rol T, a,ler = 

Time 

Time 

Time 



Test Run =4 

Scale Repeatabll ity Check Weigh t 

Fuel Weight/Fuel Meter Reading 

Start 

Finish 

Fuel Used ____________ lb/gal kg/ L (circle on~) 

Time from Start to Finish 

Subtract Veh icle Stoµped Time 

Vehicle Running Time 1 

Test Run = 5 

Scal e Repeatability Check Weight 

Fuel Weight/Fuel Meter Reading 

Start 

Finish 

h 

h 

h 

m 
m 

m 

Fuel Used _____________ lb/gal kg/ L (c ircle one) 

T ime from Start to Finish 

Subtract Veh icle Stopped T ime 

Vehicle Running Time 1 

Control Veh ic le MPG Calculation 

h 

h 

h 

m 
m 

m 

Odometer Time 

Odometer Time 

Total Fuel Used _____ lb/gal 

kg/ L2 

kg/ L (circle one) 
-:- 3 

Time _____ h ______ m 

Total Fuel Used lb /gal 

Total Miles (km) Run 

Miles (km) Run 

Weather : 

Run -"' 1 

Ru n =2 

Run =3 

Run .. 4 

Run = 5 

_____ gal (LI used 

_____ gal (L) 

_____ miles /gal (km / LI 
_____ h 

Temperature 

_____ mlles/h (km/h ) 

Humidit y 

Ba rometric 

Pressure Wind Speed 

Wind 

D irect ion 

1 Running T ime must repeat within · 18 s for 1 h run or · 0 .5% (?f the time requ ired to complete th e test run or run data point must not be used . See 

paragraphs 3 .2, 3 .3, 5.5, 5 .9 . 
211 fuel meter is used record meter readings ,n this column . 
3For No. 2 diesel, use 7.05 lb /gal 10.84 kg / LI ; or for gasoline use 6 .0 lb i gal 10.72 kg / LI ; or ac1ua1 ·spec,f,c we,ght of fuel can be used 

15 
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TYPE II-FUEL ECONOMY TEST DATA FORM =2-4 

TEST SEGMENT OF THE TEST VEHICLE 

Type II Test - Portable Fuel Tank Weighing Method or Fuel Flow Meter Method 

Fleet Tes t T,actor = 

Driver Observe , 

Test = Date 

Test SpPed Rou te 

Test Run = 1 

Scal e Repeatability Check Weight 

Fuel Weight/Fuel Meter Reading Odometer 

Start 

Fin ish 

Fuel Used _____________ lb/gal kg/ L (c ,rcle one) 

T ime from 5tart to Finish 

Subtract Veh icl e Stopped Time 

Veh icle Runn ing T ime 1 

Test Run = 2 

Scale Repeatab i l ity Check We ight 

Fuel Weight/Fuel Meter Reading 

Start 

Finish 

h ____ m 
h ____ m 

h ____ m 

Odometer 

Fuel Used _____________ lb/gal kg/ L (circ le one) 

Time from Start to Finish 

Subtr~ct Vehicle Stopped Time 

Vehicle Runn ing Time 1 

Test Run =3 

Scale Repeatab ili ty Check We ight 

Fuel Weight/Fuel Meter Reading 

Start 

Fin ish 

h ____ m ___ _ 

h ____ m ___ _ 

h ____ m ___ _ 

Odometer 

Fuel Used _____________ lb/gal kg/ L (circle one I 

T ime from Start to F,n,sh 

Subtract Vehicle Stopped T,me 

Vehicle Runn ,ng T,me 1 

h ____ m ___ _ 

h ____ m ___ _ 

h ____ m ___ _ 

TPs l T, ail e, = 

Time 

Time 

Time 



Test Run =4 

Scale Repeatabilit y Check Weigh1 

Fuel Weight/Fuel Meter Reading 

Start 

Finish 

Fuel Used 

Time from Start t •J Fin ish 

Su btract Veh icl e '.itopped Time 

Veh icle Running T,me 1 

Test Run = 5 

Scale Repeatability Check Weight 

Fuel Weight/Fuel Meter Reading 

Start 

Finish 

Fuel Used 

T ime from Start to Fin ish 

Subtract Vehicle Stopped T ime 

Vehicl e Ru nning T ime 1 

Odometer 

lb /gal kg/ L (circle on,i) 

h ____ m ___ _ 
h ____ m ___ _ 

h ____ m 

Odometer 

lb /gal kg/ L (circ le one ) 

h 

h 

h 

m 
m ___ _ 

m ___ _ 

Weather : Temperature Hum,d ,t y 

Barometri c 

Pressure 

Run = 1 

Run =2 

Ru n =3 

Run =4 

Ru n =5 

Time . 

Time 

Wind Speed 

Wind 

Direct ion 

1 Running Time must repeat w ithin · 18 s for 1 h ru n or · 0 .5% ot the ti m e reciu1red to complete the test run or run data point m ust not be used See 
paragraphs 3 .2, 3 .3 , 5 .5, 5 9 

17 
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TYPE II-FUEL ECONOMY TEST DATA FORM = 3 

CALCULATION SUMMARY SHEET 

Fleet _________________ _ Date 

Test Vehicle 
Fuel Used, 

Baseline Runs 

lb/gal kg/L (circle one) 

Form = 2-2 

2 
Baseline Data 

3 

4 

5 

Note: Use on ly val id T IC ratios for calcu lation o f ave rage T IC. 

Sum of valid baseline T IC 

Test Data 

No. o f val id baseline T IC's average base I ine T /C 

Test Runs 

2 

3 

4 

5 

Test Vehicle 
Fuel Used , 

lb/gal kg/L (circle one) 
Form =<2-4 

Note : Use only val id T IC ratios for calcu lation of average T IC. 

Sum of valid test TIC No . of valid test TIC average test T IC 

Control Vehicle 

Fuel Used, 
lb/gal kg/L (circle one) 

Form = 2-1 

Control Vehicle 
Fuel Used , 

lb/gal kg/L (circle one) 
Form = 2-3 

Test= -----------

TIC 
Ratio 

TIC 
Ratio 

Check Valid 
T/C Ratios 

Used 

Check Valid 
T/C Ratios 

Used 
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CALCULATION OF TIC LIMITS FORM #3-1 

Fleet ------------------ Date-------------- Test = __________ _ 

After 3 Runs : 

Highest TIC Ratio _____ x 0 .98 _____ minimum acceptable TIC ratio 

After 4 Runs: 

Highest TIC Ratio _____ x 0.98 

Second Highest TIC Ratio _____ x 0.98 

After 5 Runs : 

Highest TIC Ratio _____ x 0 .98 

Second Highest TIC Ratio 
Third Highest TIC Ratio 

_____ x 0.98 

X 0.98 

_____ minimum acceptable TIC ratio 

_____ minimum acceptable TIC ratio 

_____ minimum acceptable TIC ratio 

_____ minimum acceptable TIC ratio 
_____ minimum acceptable TIC ratio 

CALCULATION OF% FUEL SAVED FORM # 3-2 

Fleet ------------------ Date-------------- Test #-----------
% Fuel Saved 

% Fuel Saved 

% Fu el Saved 

(Ave. Baseline TIC - Ave . Test TIC) "'" Ave . Baseline TIC 
( ____ _ 

Calculation of% Improvement: 

% Improvement 

% Improvement 

% Improvement 

(Ave. Baseline TIC Ave. Test TI C) + Ave. Test TIC 
( _____ _ 

Note : See Appendix I, Sample Calculations, to convert to mpg (kml L). 
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TYPE II-FUEL ECONOMY TEST DATA FORM = 3-3 

Fleet _________________ _ 
Date Test = __________ _ 

Test Results : 

______ % fuel saved after change 

______ % improvement in fuel economy after change (desc ribe below) : 
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TYPE II - FUEL ECONOMY TEST 
THE OBSERVER 'S WORKSHEET FORM =4 

FIHt _______________ Date------------ Test O ---------

I 

I 
I 

-----------~---. ---~ 
I 
I ~--- ·---------------

--==-:i t 
~~. --------

• 
Observers should measure time between 

mile posts and advise the driver . All runs 

in a test must be run exactly alike . 

T ime Between M ile Posts : 

___ and __ _ 

___ and __ _ 

___ and __ _ 

___ and __ _ 

___ and __ _ 

___ and __ _ 

___ and __ _ 

___ and __ _ 

___ and __ _ 

--- and __ _ 

Start-Stop 
Point 

t 
- -- -.. -- •• - ♦ -- ♦ • 

NOTE : lden ti f v, highways used for test route . 

I 

l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I .. I 
I 
I 
I E 

.Y. 

tl 
N 
N 
~ 

I "' .!! 

I 
·e 
0 

t I 
N 

E 

I 
::, 

.5 
I 

C: ·e 

•: 
I 
I 
I 
I 

OBSERVER 'S NAME _______________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 ♦ 
I 
I 
I ♦ 
I 
I 

i• 
I 
I 
1 ♦ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

T ime =2 

Observers shou ld measure time stopped at 

points on course that require the vehicle 

to stop o r when a stop may be requ ired, 
for example , a left turn at 'X' below. The 

vehicle must stop each time i t reaches a 
potential stop point on course to insure 

that all runs will be run exactly alike . 

T ime 1 __________ _ 

Time 2 __________ _ 

Time 3 __________ _ 

T ime 4 __________ _ 

Time 5 __________ _ 

Total T ime 
Stopped ________ _ 

B Timez1 . - -· - - - - - - - - - ·- - - -
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APPENDIX B 

TRACK DESCRIPTION 

The 7.5-mile test track at TRC was used for fuel economy testing. It encloses 

a 1600-acre area, one mile wide, and 3-1 /2 miles long (see Figure B-1 ). The track has a 

downward grade, north to south, of 0.288 percent and a cross slope in the straightaways of 

3/16 inch per foot. The 1.88-mile-long straightaways flow into transition areas 2300 feet 

in lenght, and then into 5275-foot-long curves with a constant radius of 2400 feet. The 

36-foot-wide straightaways and the 42-foot-wide curves provide three test lanes. Paved 

berms, 12 feet in width, border the straightaways and the inside of the curves. 

As a vehicle moves toward the outside of the track in the curves, it encounters 

a progressively steeper bank. The inside lane, which was used in this test p rogram, has a 

bank of 13 degrees, allowing a neutral speed of 80 mph with no side forces. In the center 

lane the slope increases to 19 degrees, resulting in a neutral speed of 110 mph. The 

outside lane's 25-degree bank allows a 140 mph neutral speed. Rimming the outer lane is 

a 7-foot safety lane culminating in a 34-degree slope at the guardrail. 

The facility is paved with Portland cement concrete. It carries a maximum 

single axle load weight of 48,000 pounds. 

B-1 



High Speed Test Track 
C 

OUTII UNI I MIDDll LANI I 
, .. , .... ,.,. I , .. , .. ,.,. I 
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A 

~II==== 

' - 2 1·, MIU GIAVl:L COUIU 

·----·--· - ,o 
1016 .429 

ELEVATION 
I 

I 

INNla LANI 

, ... 
9151 .437 ~ .152 

"'° 110 JOU .16:J 

39.437 2l4 12 .011 .421 

( 7. $07 Mi .) 112 OIi k,...J 

(-=·u_J· ~CK 77 

8 ELEVATION 
- 1067.000 -

_J__ . i. 
*0.13° 31 .157' 

T ' 
EDGE VIEW Of TUCK l'LANE ISLOl'E IS 0 .2211) 

____ :_:_:_:_:-•_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_~--~~~~~~~~~~=-~~~~~~::_~~~~;~~~~~~-~ -~~....!!!....!!!....!!!....!!'!--~B~ HOIIZO NTAL 

AB. THE LONG AXIS, IS Al'l'I . 3 114 MILES. WITH SLOl'E AS SHOWN. 
CD. THE SHOil AXIS, IS 5000 fHT; AND THE SLOl'E IN THIS DIIIECTION IS 0 . 

FIGURE B-1. HIGH SPEED TEST TRACK 
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APPENDIX C 

FUEL ECONOMY TEST DATA 

The test data in this appendix were generated during the period from July 6 to 

September 8, 1983, at the Transportation Research Center of Ohio. It includes both fuel 

analyses and records of fuel consumed during the tests. 

Pages C-3 and C-4 show the results of the two fuel analyses done during the 

test series. They indicate that the energy content of the two samples (BTU/lb) are within 

0.2 percent of each other. 

The remainder of the appendix contains fuel consumption data and the results 

of calculations presented as TIC ratios. A TIC ratio is the amount of fuel used by the 

test bus on a specific run or set of runs divided by the amount of fuel used by the control 

bus on that same run or runs. The use of the control bus and T/C ratio is consistent with 

SAE J1321, and permits the comparison of fuel consumption for two conditions of a test 

vehicle. In this series of tests each bus tested under several conditions but each test was 

run with only one change from the baseline. The change is noted in the heading of the 

data tabulations. 

The valid T/C ratios for the six runs of each test condition were calculated. 

The calculations show that the combined ratios are within the tolerance band required by 

J1321. The bottom line of T/C ratios is the ratios of total fuel consumptions during the 

valid runs. For example, in the case of Test T-1 the total fuel consumption of the test bus 

on the combined cycle was 309.45 pounds and the total fuel consumption of the control 

bus on the same runs was 330.45 pounds. The calculated T/C ratio was 

309.45 
330.45 = 0.936. 

These Ratios of Totals were used in the comparisons which produced the results presented 

in Table 1 and Table 3.4. The tables are rounded to the nearest one percent on the basis 

of a desire for clarity in reporting and the recognized ~1 percent accuracy of the J1321 

test procedure. 

C-1 



The following sample calculation compares the combined fuel economy of test 

bus configuration T-2 to that of the baseline bus configuration (T-1). 

T/C Ratio of Totals, T-1 Combined - TIC Ratio of Totals, T-2 Combined x 10096 
T/C Ratio of Totals, T-1 Combined 

= 0•936 - l.003 
X 10096 = -7.15896 

0.936 

This calculation shows a 7 percent decrease in fuel economy from the baseline 

configuration when the bus is loaded to 1.5 times seated load weight. 
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Test T-1. Flxible Bus Baseline Test 

Test Bus Fuel Consum~tion ( 1 bs. ) 

Run No.-l< Commuter Arterial CBD Combined 

1 10. 55 15. 10 25.65 51.30 
2 10. 40 15. 40 25.85 51. 65 
3 10. 85 15. 30 25.45 51 . 60 
4 10. 45 15. 45 25. 10 51 . 00 
5 10. 50 15. 40 25.90 51 .80 
6 11 . 05 15. 30 25.75 52. 10 

Tota 1 s 63.80 91 .95 153. 70 309.45 

Control Bus Fuel Consum~tion ( 1 bs.) 

Run No. Commuter Arte rial CBD Combined 

1 11 . 20 14. 60 29.05 54.85 
2 11 . 40 14. 85 28.90 55. 15 
3 11. 35 14. 75 29.05 55. 15 
4 10. 95 14.50 28.65 54. 10 
5 11. 35 14.90 29.25 55.50 
6 11. 65 14.95 29. 10 55.70 

Totals 67.90 88.55 174.00 330.45 

Valid T/C Ratios 

Run No. Commuter Arterial CBD Combined 

1 .94 1. 03 .88 .94 
2 . 91 1.04 .89 .94 
3 .96 1. 04 .88 .94 
4 .95 1.07 .88 .94 
5 .93 1. 03 .89 .93 
6 .95 1.02 .88 . 94 

T/C Ratios 

Ratio of Totals .940 1. 038 .883 .936 

* Six valid runs out of a total of 8 runs. Average run time: 95 minutes, 42 seconds. 
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Test T-2. Flxible Bus at 1 .5 X SLW 

Test Bus Fuel Consumption ( 1 bs.) 

Run No. * Commuter Arterial CBD Combined 

1 11 . 55 16.50 27.35 55.40 
2 11 . 15 16.50 27. 35 55.00 
3 11. 00 16.20 27.50 54.70 
4 10. 90 16.50 27.55 54.95 
5 10. 95 16.50 27.65 55. 10 
6 10.90 16.50 27.75 55. 15 

Tota 1 s 66.45 98 . 70 165. 15 330.30 

Contro 1 Bus Fuel Consumption ( 1 bs.) 

Run No . Commuter Arterial CBD Combined 

1 11 . 20 14.80 29.50 55.50 
2 11 . 20 14.60 29. 10 54.90 
3 11 . 05 14. 80 28.65 54.50 
4 11 .05 14.65 28.35 54.05 
5 11. 15 14.80 29. 15 55 .10 
6 11 . 05 14.85 29.45 55.35 

Totals 66.70 88.50 174.20 329.40 

Valid T/C Ratios 

Run No. Commuter Arterial CBD Combined 

1 1. 03 1.11 .93 1.00 
2 1.00 1. 13 .94 1.00 
3 1.00 1. 09 .96 1.00 
4 .99 1. 13 . 97 1.02 
5 .98 1. 11 .95 1.00 
6 .99 1. 11 .94 1.00 

T/C Ratios 

Ratio of Totals .996 1.115 .948 1 . 003 

* Six valid runs out of a total of 8 runs. Average run time: 96 minutes, 29 seconds. 
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Test T-3. Flxible Bus Empty 

Test Bus Fuel Consumption ( l bs. ) 

Run No.* Commuter 

l 9.70 
2 9.60 
3 9.80 
4 9.80 
5 9. 55 
6 9. ZQ 

Totals 58 . 15 

Control Bus Fuel Consumption 

Run No. Commuter 

l ll. 20 
2 l 0. 85 
3 l l . l 5 
4 l l . 20 
5 11 . 20 
6 ] ] . 20 

Totals 66.80 

Valid T/C Ratios 

Run No. 

l 
2 
3 
4 
5 
6 

T/C Ratios 

Ratio of Totals 

Commuter 

.87 

.88 

.88 

.88 

.85 

.87 

.871 

Arterial 

13. 50 
13. 70 
13. 65 
13. 45 
13.55 
13. 45 
81 .30 

(lbs.) 

Arterial 

14. 75 
14. 60 
14.70 
14.95 
14. 55 
14.95 
88.50 

Arterial 

.92 

.94 

.93 

.90 
.93 
.90 

. 919 

CBD Combined 

22.75 45.95 
22.65 45.95 
22.70 46. 15 
22.45 45.70 
22 .65 45.75 
23. l 0 46.25 

136.30 275.75 

CBD Combined 

29.50 55.45 
29 .30 54.75 
29.25 55. l 0 
29.95 56. l 0 
29.75 55.50 
29.70 55.85 

177. 45 332.75 

CBD Combined 

. 77 .83 

. 77 .84 

.78 .84 

.75 . 81 

.76 .82 

.78 .83 

.768 .829 

* Six valid runs out of a total of 6 runs. Average run time: 93 minutes, 52 seconds. 
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Test T-4. Flxible Bus with 5,375 Axle Ratio 

Test Bus Fuel Consumption ( 1 bs. ) 

Run No.* Commuter Arterial CBD Combined 

1 11 . 95 14 . 45 26.20 52.60 
2 12.30 14.55 26.40 53.25 
3 12 . 00 14.60 26.90 53.50 
4 12.20 14.80 27.30 54.30 
5 12 . 25 14.70 27.25 54.20 
6 12.20 14. 90 27.85 54.95 

Totals 72. 90 88.00 16 l . 90 322.80 

Control Bus Fuel Consumption (lbs. ) 

Run No. Commuter Arteria l CBD Combined 

l 11 . 25 15.05 29.60 55.90 
2 l l. 40 14.50 29.90 55.80 
3 11 . 20 15. l 0 30.00 56. 30 
4 l l . 55 14.75 30.30 56.60 
5 11. l 0 15. 55 29.80 56.45 
6 ll ,65 15. 10 30. 10 56. 85 

Totals 68.15 90.05 179.70 337.90 

Valid T/C Ratios 

Run No. Commuter Arteri a 1 CBD Combined 

1 1.06 . 96 .89 .94 
2 1.08 l.00 .88 .95 
3 1.07 . 97 .90 .95 
4 1.06 1.00 .90 .96 

5 l. l 0 .95 . 91 .96 

6 l.05 .99 .93 .97 

T /C Ratios 

Ratio of Totals 1. 070 .977 . 901 • gsi:; 

* Six valid runs out of a total of 6 runs. Average run time: 93 minutes, 02 seconds. 
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Test T-5. Flxible Bus With UEC Transmission (Optional PROM) 

Test Bus Fuel Consumption ( 1 bs. ) 

Run No.* Commuter Arterial CBD Combined 

1 10.60 1 5. 1 5 27. 80 53.55 
2 l O. 65 15.25 27.65 53.55 
3 l O. 60 15. 50 28.00 54. l 0 
4 l O. 65 15. 20 27.85 53.70 
5 10. 35 14.85 27 . 00 52.20 
6 ] o. 65 15, 00 27.55 53.2Q 

Totals 63.50 90.95 165. 85 320.30 

Contra 1 Bus Fuel Consumption (lbs.) 

Run No. Commuter Arterial CBD Combined 

l 10.85 14. 40 30.50 55.75 
2 11 . 65 14. 95 29.40 56.00 
3 11 . 40 15. 00 29. 80 56.20 
4 11 . 35 14.95 30.00 56.30 
5 11 . 1 5 14.85 29.40 55.40 
6 11. 35 15. l 0 29. 85 56.30 

Totals 67.75 89.25 178 . 95 335.95 

Valid T/C Ratios 

Run No. Commuter Arterial CBD Combined 

l .98 1. 05 . 91 .96 
2 . 91 1. 02 .94 .96 
3 .93 1. 03 .94 .96 
4 .94 1. 02 .93 .95 
5 .93 1.00 .92 .94 
6 .94 . 99 .92 .94 

T/CRatios 

Ratio of Totals .937 l . 019 .927 .953 

* Six valid runs out of a total of 6 runs. Average run time: 92 minutes, 53 seconds . 
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Test T-6. Flxible Bus With UEC Transmission ( Fuel Economy PROM) 

Test Bus Fuel Consum~tion (lbs.) 

Run No.* Commuter Arterial CBD Combined 

l l O. 45 13. 85 26.45 50.75 
2 l O. 45 14. 00 26.50 50.95 
3 10.50 13.95 26.35 50.80 
4 l O. 60 14. 00 26.45 51 . 05 
5 l O. 40 13. 75 26.45 50.60 
6 10.55 13.80 26 . 45 50. 80 

Totals 62.95 83.35 158.65 304.95 

Control Bus Fuel Consum~tion (lbs.) 

Run No. Commuter Arterial CBD Cor.ibined 

l 11. 25 14.75 29. 15 55.15 
2 11. 35 15. 00 29.65 56.00 
3 11. 35 14.90 29.30 55.55 
4 11. 35 14.90 29.70 55.95 
5 11. l 0 15. 35 29.50 55.95 
6 11. 15 14.80 29.50 55.45 

Totals 67.55 89.70 176.80 334.05 

Valid T/C Ratios 

Run No. Commuter Arterial CBD Combined 

l .93 .94 . 91 .92 
2 .92 .93 .89 . 91 
3 .93 .94 .90 . 91 
4 .93 .94 .89 . 91 
5 .94 .90 .90 .90 
6 . 95 .93 .90 .92 

T/C Ratios 

Ratio of Totals .932 .929 .897 .913 

* Six valid runs out of a total of 7 runs. Average run time: 92 minutes, 28 seconds. 
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Test T-7. Flxible Bus Baseline Retest 

Test Bus Fuel Consumetion ( 1 bs. ) 

Run No. * Commuter Arteri a 1 CBD Combined 

1 10. 85 15. 65 27. 15 53.65 
2 10.80 15.75 27. 15 53.70 
3 10. 70 15. 55 27. l 0 53.35 
4 l 0. 50 15. 20 26.85 52.55 
5 l 0. 50 15. 40 26.85 52.75 
6 l 0. 40 15. 45 26.85 52.70 

Totals 63.75 93.00 161.95 318.70 

Control Bus Fuel Consumetion ( 1 bs.) 

Run No. Commuter Arterial CBD Combined 

1 11 . 55 15. 05 30.15 56.75 
2 11. 65 15. 05 30.25 56.95 
3 11 .45 15. l 0 29.95 56.50 
4 11. 45 14. 95 29.20 55.60 
5 11 . 3 5 14. 75 29.60 55.70 
6 11. l 0 14. 65 29.25 55.00 

Totals 68.55 89.55 178. 40 336.50 

Valid T/C Ratios 

Run No. Commuter Arterial CBD Combined 

1 .94 1. 04 .90 .95 
2 .93 1.05 .90 .94 
3 .93 1.03 .90 .94 
4 .92 1. 02 .92 .95 
5 .93 1. 04 . 91 .95 
6 .94 1.05 .92 .96 

T/C Ratios 

Ratio of Totals .930 1. 039 .908 .947 

* Six valid runs out of a total of 6 runs. Average run time: 93 minutes, 20 seconds. 
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Test I-l. Neoplan Bus With Retarder 

Test Bus Fuel Consumption (lbs. ) 

Run No.* Commuter Arterial CBD Combined 

l 12. 95 14.20 31 .60 58.75 
2 12.60 1 5. 1 5 31 .60 59.35 
3 11. 65 14.95 32.70 59. 30 
4 11. 00 14. 85 33.00 58.85 
5 11. 80 14.90 32.95 59.65 
6 12,20 15. 00 33.20 60.40 

Tota 1 s 72.20 89.05 195.05 356.30 

Control Bus Fuel Consumption ( 1 bs. ) 

Run No. Commuter Arterial CBD Combined 

1 11 . 40 14. 60 28.40 54.40 
2 11 . 20 14.60 29.05 54.85 
3 11. 40 14.85 28.90 55. 15 
4 l l . 35 14 .7 5 29.05 55.15 
5 11. 35 14.90 29.25 55.50 
6 11 . 65 14.95 29. l 0 55.70 

Totals 68.35 88.65 173.75 330.75 

Valid T/C Ratios 

Run No. Commuter Arterial CBD Combined 

1 1.14 .97 1. 11 1.08 
2 1. 13 1. 04 1. 09 1.08 
3 1. 02 1. 01 1. 13 1.08 
4 . 97 1. 01 1. 14 1.07 
5 1.04 1.00 1. 13 1.07 
6 1.05 1.00 1. 14 1. 08 

T/C Ratios 

Ratio of Totals 1. 056 1. 005 1 . 123 1.077 

* Six valid runs out of a total of 7 runs. Average run time: 96 minutes, 37 seconds. 
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Test I-2. Neo plan Bus Without Retarder (Baseline) 

Test Bus Fuel Consumption ( 1 bs. ) 

Run No.* Commuter Arteri a 1 CBD Combined 

l l l . 80 15. 25 32.95 60.0Q 
2 12.00 l 5. l 0 32.60 59.70 
3 l l. l 0 14.85 32. 15 58. l 0 
4 l l . 45 14.65 32.60 58.70 
5 ll. 70 14. 60 32.50 58.80 
6 12. 40 14 . 25 32.70 59.35 

Totals 70.45 88. 70 195.50 354.65 

Control Bus Fuel Consumption (lbs.) 

Run No. Commuter Arterial CBD Combined 

l l l . 20 14.80 29.50 55.50 
2 ll. 20 14. 60 29. l 0 54.90 
3 ll. 05 14. 80 28.65 54.50 
4 l l . 05 14.65 28.35 54.05 
5 l l. 15 14.80 29. 15 55. l 0 
6 l l . 05 14.85 29.45 55.35 

Totals 66.70 88.50 174. 20 329.40 

Valid T/C Ratios 

Run No. Commuter Arterial CBD Combined 

l l.05 l . 03 l. 12 l.08 
2 l.07 l. 03 l. 12 l. 09 
3 l.00 l.00 l . 12 l.07 
4 l. 04 l.00 l. 15 l. 09 
5 l.05 .99 l. l l l . 07 
6 l. 12 .96 l . l l l.07 

T/C Ratios 

Ratio of Totals l. 056 1. 002 1 . 1 22 1.077 

* Six valid runs out of a total of 8 runs. Average run time: 96 minutes, 44 seconds. 
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Test I-3. Neoplan Bus at l . 5 X SLW 

Test Bus Fuel Consumption ( l bs. ) 

Run No. * Commuter Arterial CBD Combined 

l 12. 00 15. 80 32.35 60. 15 
2 12. l 5 15.65 33.60 61 . 40 
3 12. 00 15. 70 33.45 61 . l 5 
4 11 . 90 15. 80 34. l 0 61 . 80 
5 11. 90 15. 65 33.55 61 . l 0 
6 12.00 15. 80 34.15 61. 95 

Totals 71.95 94 .40 201. 20 367.55 

Control Bus Fuel Consumption ( 1 bs. ) 

Run No. Commuter Arterial CBD Combined 

l 10.85 14.60 29.30 54.75 
2 11 .20 14.95 29.95 56. l 0 
3 11 . 20 14.55 29.75 55.50 
4 11 . 20 14.95 29.70 55.85 
5 11 . 2 5 15. 05 29.60 55.90 
6 11. 40 14.50 29.90 55.80 

Totals 67. l 0 88.60 178.20 333.90 

Valid T/C Ratios 

Run No. Commuter Arterial .CBD Combined 

1 1.11 1.08 1.10 1.10 
2 1.08 1.05 1. 12 1. 09 
3 1.07 1.08 1. 12 1. 10 
4 1.06 1. 06 1. 15 1.11 
5 1.06 1. 04 1 . 13 l. 09 
6 1.05 1. 09 1. 14 1.11 

T/C Ratios 

Ratio of Totals 1.072 l. 065 1. 129 1 . l 01 

* Six valid runs out of a total of 8 runs. Average run time: 97 minutes, 30 seconds. 
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Test 1-4. Neoplan Bus Empty 

Test Bus Fuel Consumption ( l bs. ) 

Run No.* Cormnuter Arterial CBD Combined 

l 11 . 00 13.55 29. 15 53.70 
2 l O. 90 13.35 29.65 53.90 
3 l O. 85 13.30 29.65 53.80 
4 l O. 95 14.20 29. 15 54.30 
5 11. l 0 13.50 29.80 54.40 
6 11. l 0 13. 50 29.65 54. 25 

Totals 65.90 81 .40 177 . 05 324.35 

Control Bus Fuel Consumption (lbs. ) 

Run No. Cormnuter Arterial CBD Combined 

l l O. 85 14.40 30.50 55.75 
2 11 . 65 14.95 29.40 56.00 
3 11 . 40 15. 00 29.80 56.20 
4 11. 35 14.95 30.00 56.30 
5 11 . 05 14.90 29.75 55.70 
6 11. 35 15. l 0 29.85 56.30 

Totals 67.65 89.30 179. 30 336.25 

Valid T/C Ratios 

Run No. Commuter Arterial CBD Combined 

l l. 01 .94 . 96 .96 
2 .94 .89 l . 01 .96 
3 .95 .89 1.00 . 96 
4 . 96 .95 . 97 . 96 
5 1.00 . 91 1.00 .98 
6 .98 .89 .99 .96 

T/C Ratios 

Ratio of Totals .974 .912 .987 . 965 

* Six valid runs out of a total of 8 runs. Average run time: 94 minutes, 39 seconds. 
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Test I-5. Neoplan Bus With Radial Tires* 

Test Bus Fuel Consumption ( 1 bs.) 

Run No.** Commuter Arterial CBD Combined 

1 10.85 13. 90 29.70 54.45 
2 10 . 60 13 . 85 30.90 55.35 
3 11. 15 13. 40 30.80 55.35 
4 10. 85 15.00 29.75 55.60 
5 10. 80 13.60 30.55 54.95 
6 10. 65 13.6() 30.05 54.30 

Totals 64.90 83.35 181.75 330.00 

Contra 1 Bus Fuel Consumption (lbs.) 

Run No. Commuter Arteri a 1 CBD Comb i ned 

1 11 . 20 15. 10 30.00 56.30 
2 11. 55 14. 75 30.30 56.60 
3 11. 10 15. 55 29.80 56.45 
4 11 . 65 15. l 0 30. l 0 56.85 
5 11. 40 15. 15 29.40 55.95 
6 11. 55 14.70 29.25 55.50 

Totals 68.45 90.35 178. 85 337.65 

Valid T/C Ratios 

Run No. Commuter Arterial CBD Combined 

l . 97 .92 .99 .97 
2 .92 . 94 1. 02 .98 
3 1.00 .86 l. 03 .98 
4 .93 .99 .99 .98 
5 .95 . 90 1.04 .98 
6 .92 .93 1. 03 .98 

T/C Ratios 

Ratio of Totals .948 .923 1. 016 . 977 

* Michelin "H", 16-ply rating, regroovable, 12R22.5, XZA. 

** Six valid runs out of a total of 6 runs. Average run time: 96 minutes, 32 seconds. 
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Test 1-6. Neoplan Bus With Retarder Retest 

Test Bus Fuel Consumption (lbs.) 

Run No.* Commuter Arterial 

l 11 . 90 15. 40 
2 12. 00 15. 70 
3 12. 00 15. 60 
4 12. 00 15. 60 
5 11 .85 15. 50 
6 lLIO_ l 5 30 

Totals 71. 45 93. l 0 

Control Bus Fuel Consumption (lbs.) 

Run No. Commuter 

l 11. l 0 
2 11. l 5 
3 11. 65 
4 11 .45 
5 11. l 0 
6 11 . 05 

Totals 67.50 

Valid T/C Ratios 

Run No. 

l 
2 
3 
4 
5 
6 

T/C Ratios 

Commuter 

l. 07 
1.08 
l. 03 
1.05 
1.07 
l. 06 

Ratio of Totals l .059 

Arterial 

15. 35 
14.80 
15. 05 
15. l 0 
14. 65 
14.70 
89.65 

Arterial 

1.00 
l. 06 
l. 04 
l. 03 
l. 06 
l. 04 

l. 038 

CBD Combined 

33.20 60.50 
33.25 60.95 
33.75 61 .35 
33.85 61 .45 
32.95 60.30 
32.65 59.65 

l 99. 6 5 364.20 

CBD Combined 

29.50 55.95 
29.50 55.45 
30.25 56.95 
29.95 56.50 
29.25 55.00 
28.95 54. 70 

177. 40 334.55 

CBD Combined 

l . 13 1.08 
l. 13 l. l 0 
l. 12 1.08 
l. 13 l . 09 
l. 13 l. l 0 
l. 13 l. 09 

l . l 25 l . 089 

* Six valid runs out of a total of 9 runs. Average run time: 96 minutes, 06 seconds. 
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Limited Warranty 
STRATITEC warrants to the original purchaser of this inkjet refill kit that this kit shall be free of 
defects in assembly, or workmanship, and will repair, or replace, at its option, any defective 
product free of charge (the "Product Warranty"), subject to the conditions, limitations and 
exclusions set forth herein. 

Conditions and limitations applicable to the Product Warranty are as follows. All costs of 
shipping the STRATITEC inkjet refill kit and any equipment to and from STRATITEC shall be 
borne solely by the purchaser. STRATITEC'S LIABILITY IS LIMITED TO REPLACEMENT OR 
REIMBURSEMENT OF THIS STRATITEC PRODUCT. 

The Product Warranty is the only warranty made by STRATITEC. THERE ARE NO OTHER 
WARRANTIES , EXPRESSED OR, EXCEPT AS REQUIRED BY LAW, IMPLIED, including the 
implied warranty or condition of quality, merchantability or fitness for particular purpose, and 
such implied warranties, if any, are limited in dura tion to twelve (12) months from the date of 
original purchase . Some states do no t allow limitations on how long an implied warranty lasts, 
so the above limitations may not apply to you. In no event shall STRATITEC be liable for 
incidental, special, direct, indirect, consequential or multiple damages such as, but not limited 
to, lost business or profits arising out of sale or· use of any STRATITEC inkjet refill kit, even if 
advised of the possibility of such damages. Some states du nut allow the exclusion of implied 
warranties or exclusion of incidental or consequential damage, in which case the above 
limitat ions do not apply to you. Nothing herein shall be construed as an exclusion or limitation 
of any implied warranties or an exclusion or limitation of any remedies for breach of an implied 
warranty in those states in which such exclusions a nd/or limitations are prohibited by state law. 
If you are an individual and purchased the STRATITEC inkjet refill kit in Kansas, you have rights 
based on implied warranties and none of the limitations and disclaimers set forth in this 
paragraph apply to you. 

The Product Warranty is valid only for the original end user purchaser of the product. The 
Product Warranty is valid only to STRATITEC inkjet refill kits purchased and used in the USA. 

Stratitec, Inc. 
Wichita, KS 
316.618.3500 
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Quickstart Guide 

Get started in three easy steps 

Prepare - Read the important information 
on pages 3, 4, and 5 

Refill - Follow the directions on the page 
for your cartridge 

Identify - Find your cartridge on the table 
of contents on pages 6-7 

Need help? 
We have you covered: Start with our troubleshooting table on 
the inside back cover, check www.stratitec.com for updated 

information, or call tech support at 316.618.3500 

This manual is copyriqht 2003 Slra titec, Inc . Slrnt1tec a nd the Stralilec logo are registered trademarks, and lhe Slratitec rninbow murk is u t rademark of 
Stratitec, !nc. IIP is a registered trademark of Hewlett-Packard Company. Apple is a registered trademark of Apple Computer, Inc. Canon is a registered 
trndernnrk of Cnnon, Inc. Epson ls a regi stered tradema rk of Seiko Epson Corporation. Lex mark is a reg istered trademark of Lexmark International, Inc 
AJI other trademarks are registered to their respectivo owners. 

031024 
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~ Troubleshooting Table 

Problem Cause 

I Leaking sponge-based Overfilled cartridge: 
I cartridge sponge can't hold all ink 

Leaking Canon Leaking or incomplete 
chambered cartridge seal allows ink to slowly 

drain from cartridge 

Leaking HP black Cartridge not pressurized 
cartridge properly 

Drips of ink on paper Overfilled cartridge: ink 
pooling on print head 

Printing only on part of Overfilled cartridge: ink 
a line or page pooling on print head 

I Unsatisfactory print Color contamination, 
I results or incorrect often caused by overfilled 
colors cartridge 

Streaky prints Clogged nozzles 

No printing Vacuum forming in a 
sponge-based cartridge, 
such as HP 1 7 /23/25/78 

-

No printing Overfilled cartridge: ink 
droplets pool and can't 
reach paper 

Printer stops printing Overfilled cartridge: 
after sitting for a few excess ink seeps onto 
days print head and dries 

Cartridge empty after Incomplete seal allows ink 
sitting for a few days to drain slowly 

Can't inject enough ink Air is not able to escape 
into the cartridge as ink is injected 

I 

www.easyinkjetrefill.com 

InkJet Refilling Manual 

Solution{s) 

Use syringe to remove excess 
ink 

Make sure holes are smooth 
and plugs are tight 

Consider enlarging hole and 
using larger plug 

Repeat pressurization steps 

Use syringe to remove excess 
ink 

Use syringe to remove excess 
ink 

Print many pages of solid 
colors 

Prime the cartridge 

Prime the cartridge or print 
head 

Remove extra plugs or tape 
applied to the cartridge, but 
not required in instructions 

Use syringe to remove excess 
ink 

Clean print head and use 
syringe to remove excess ink 

Reseal cartridge 

Seal cartridge openings. Use 
syringe and small priming tip 
to pull air out and allow 
resulting vacuum to pull ink in 

Page 35 
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~ Troubleshooting Table 

InkJet Refilling Manual 

Problem Cause 
! 

Solution(s) ! 

I 

Poor print quality Old cartridge Use only recently-emptied 
carLridges for best results 

-

Printer lights flash, IncorrecLly inserted Remove and reinsLall 
indicating error cartridge, or cartridge cartridge 

contacts are dirty 
Clean contacts with a damp 
paper towel 

Canon cartridges run Cartridges contain "fuzz" Refill frequently 
out quickly after refill ins tead of sponge and 

Use "compatible" ink 
I can't reabsorb ink well 

cartridges containing sponges , 

Prints have scattered Slightly-overfilled Print solid pages of black I 

droplets cartridge: ink droplets not and/or color to clear overfill I 

forming properly condition I 

Black and white photos Color balance not Use software to add counter-
I 

I 
have color tint perfectly matched tint before printing I 

Cracked or wrinkled Paper quality low or Use high-quality p~p~;- - - - , 
prints paper setting incorrect 

Try another brand or type of 
paper 

Cannot remove top of Securely attached Drill through top to reach 
cartridge cartridge top sponges inside cartridge 

Ink levels report empty Ink tracking indicates Keep printing anyway 
cartridge should be empty R t . k 1 1 HP 

I ese · rn eve s on 
1 cartridges, or in Lexmark 
I drivers 

After refill, Epson still Smart chip reports empty Buy and use a chip reset 
reports cartridge empty cartridge, needs to be device, or check for options at 

reset www.stratitec.com 

Cartridge not listed Most cartridges will work, Check www.stratitec.com for 
but instructions may not instructions, then check 
be available www.google.com 

Ink stains Spilled ink Wash with soap and water. 
Skin will wash clean in a few 
days. 

Page 34 Free Technical Support at 316.618.3500 
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Tool Identification and Reference 

,.._ jl A£ ~ ■ A 
'--~ 

Cartridge Opening Rubber Sealing Pad 3 mm Drill Bit 
Tool Screw Tool Plugs Pr iming Tips Cartridge Refill 

(:lip 

-L-. The cartridge refill clip is used 
to refill and prime HP 15 and 
45 style cartridges. It doubles 

Cartridge as a priming and evacuating 
Refill Clip tool for HP 17, 23, 25 and 78 

with Rubber type carlridges. 

~ 
ll 

Small Plug 

1~ 

[?fNote: If not pre-assembled, 
insert the rubber tip into the 
hole at the base end of the 
clip. 

The small plug has an 
extended top for easy handling 
and insertion. The low-profile 
small plug (below left) is used 
when the plug must be nearly 
flu sh with the surface of the 
cartridge. 

Low-Profile 0 Note: Plugs may come in a 
Small Plug sheet (as shown at left). Pull 

firmly to remove them for use. 

& 
Large Plug 

The large plug is used for the 
pm-existing holes in some 
cartridges. The large plug can 
also be used to make a tight 
seal when a small plug does 
not seal properly. 

www.easyinkjetrefill.com 

,__ 
The screw tool is used to 
remove plugs and enlarge 

Screw Tool refill holes. 

~,-~ 

Drill Bit 

' 

The drill bit is used to enlarge 
or create new refill holes. 
Apply firm pressure when 
drilling to minimize debris and 
to make drilled holes smooth 
for a proper seal. 

The large priming tip is used 
to prime print heads and 
cartridges. It fits on the end 

Large of an empty . syringe, and can 
. . . draw mk, atr, or clogs from 

Pnming Tip the cartridge or print head. 

A 
The small priming tip is used 
for priming individual nozzles. 
It may also be used tu create 
pressure or a vacuum in 

Small certain cartr idges . 
Priming Tip 

The rubber sealing pad is 
used to temporarily seal a 
vent hole or ink outlet. Apply 
the smooth side of the rubber 

Rubber to the _surface to be sealed 
S Jin Pad and marnLarn pressure w1Lh a 

ea g thumb or forefinger. 

Page 3 
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General Refill Guidelines 
0 SAFETY WARNING: INK IS NONTOXIC BUT IS NOT SUITABLE FOR INGESTION. 
Successfully refilling ink cartridges may take some practice, but the process gets 
easier each time. It is extremely important that you read these refill guidelines and 
the instructions for your cartridge carefully to ensure desired results and avoid 
mishaps. 

Prepare a 
Work Area 

Use Recently 
Emptied Cartridges 

'-' I// 

' -
-,, 

Know The Colors 

-
Page 4 

Cyan 
(lllue/Green ) 

Magenta 
(Red/Purple J 

Yellow 
(Yellow) 

Photo Cyan 
(Light Blue) 

Photo Maqenta 
(Pink) 

v Refill cartridges in an area that is well-suited for the work. 

v Ink may spill; place a large sheet of aluminum foil and/or a 
thick pile of newspaper on your work surface. 

v KeP.p distrnctions to a minimum. 

v Use a workbench and wear an apron or older clothes in case of 
a spill. 

v Wear plastic gloves to protect your hands from ink stains. 

v Clean up immediately with soap and water. 

v Ink on hands or arms will wash off in a few days. 

0 Do not refill over carpeted areas or near fine furnilure. 

v Always refill inkj P.t cartridges just before or immediately after 
they run oul of ink. 

v' Do nol leave carlridges oul of lhe prinler for more lhan an 
hour. 

() Old and/or dry carlridges may nol work, even afler refilling, 
pr iming and cleaning. 

0 When the cartridge is allowed to remain empty fo r long periods 
of time, the ink in the ink supply outlets or print heads will dry 
out, making it difficult to successfully refill the cartridge. 

v Inkjet printers require special colors to produce high-qua lity 
printouts. Two of these r,olors are blends: "cyan," similar to 
light b lue, and "magenta," similar to purple-red. 

v' Many inkje t printers r equire, or can use, "photo" cartridges 
Lhal include lighl or "pholu" cyan a nd magenla. These are 
called "six-color" printers. 

0 Photo cyan and photo magenta inks are only for six-color 
printers. They are not intended for use in standard four-colo r 
printers, even when printing photos. lf photo cyan an d/or 
photo magenta are used in a standard four-color printer, the 
color balance will be incorrect and the quality will be reduced. 

Free Technical Support at 316.618.3500 
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Check and Correct Overfill 
It 's easy to overfill some carlridges, especially mulli-charnbered 
colm- cartridges with opaque plastic . Many popular cartridges, su ch 
as the HP 17/23/25/78 and 28/57/58 types, Lexmark 20/65/8 0/90 and 
26/83 types, Canon BCI-21/24 and virtually all Epson types are 
constructed in th is manner. 

In multi-chambered car tridges, colors arc used at different rates, 
and there is no way to tell how much ink remains in any given 
chamber. This makes it easy to overfill at least one color. It is very 
important to carefully check for and correct any possible overfill 
condition . 

Epson and Canon: 

1. Epson and most Canon color cartridges do not have built-in print 
heads. (For older Canon cartridges with built-in heads, please 
follow the HP and Lexmark instructions below.) 

2. After filling, let the cartridge sit upright on a thickly folded stack 
of paper towels for about 5 minutes. This lets ink soak into the 
internal sponge and excess ink to run from the bottom of the 
cartridge. 

J. Flip the r,artridge upside-down and place it on a thickly-folded 
stack of paper towels for 5-10 minuets to allow any remaining 
excess ink to drain into the towels. 

4. Repeat with fresh paper towels untll no more ink drains from the 
cartridge. 

HP and Lexmark: 

1. These cartridges contain a built-in print head. After filling the 
cartridge, wipe th e print head with a damp paper towel Tnk 
from each color in the cartridge should soak into the paper towel. 
If all the ink colors do no t appear on the paper towel, the print 
head may be clogged, making it hard to detect an overfill 
condition for the clogged color. When the clog clears, excess ink 
may flow out quickly and contaminate other colors. 

2. Use the clip tool for large HP cartridges, and the large priming 
tip for all others. Once you are sure that the seal is tight, draw 
from Lhe carlridge unlil ink begins Lu flow in lu lhe syringe. Never 
push ink back into a color car tridge. 

3. Aft.er you have fin ished, wipe the head and contacts with a damp 
paper towel. 

4. Place the cartridge into your printer and run test/cleaning cycles 
as described in your printer manual. 

w-.,vw. easyinkjetrefill. com Page 33 
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Supplied Insert 
(for use with HP cartridges) 

Turn Handle 
clock-wise to 

apply 
pressure 

Page 32 

Cartridge Top Removal 
Cartridge Top Removal Tool: 

1. ThP- r.artridge top r emoval tool is designed for specific HP and 
Lexmark color cartr idges. 

2. Prepare the tool by turning the handle counter clockwise to make 
sure the r emoval bar and wedge are out of the way. 

3. If removing the top from an HP cartridge, fit the inser t spacer 
into the tool (see photo al left.). 

4. Insert the cartridge into the tool with thP- front label facing out, 
as shown. The edges of the cartridge top should slide snugly into 
the grooves in the tool. 

5. Turn the handle clockwise to apply pressure to the cartridge top. 
This will push against the cartridge top as the wedge separates 
the top from Lhe base. 

6. Continue turning the handlP- firmly until the top cracks or pops 
loose . Loosen the handle and remove the cartridge. 

7. Use a fla t screw driver or pliers if necessary to completely 
remove the top from the cartridge. 

Alternate methods 

1. If the top removal tool does not work for your cartridge, try to 
remove Lhe top with a screw driver or with large pliers (see 
photos, below). Please use care when using tools . 

2. Some cartridge tops are very securely attachP-d and cannot be 
removed. lf this is the case, dri!l through the top to make a filling 
hole for each color. Refer to the color location diagrams included 
with the specific instructions for your cartridge, and dr ill straight 
down into the center of each color area. Be very careful to avoid 
overfilling, as ink may may overflow into other color chambers 
under the lid. 

Alternate Methods 

~ 
,, 

I 
..... 

Free Technical Support at 316.618.3500 
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0 WHEN USING CUTTING OR DRILLING EQUIPMENT, WEAR SAFETI GOGGLES AND 
FOLLOW ALL OPERATING AND SAFETY INSTRUCTIONS FOR YOUR EQUIPMENT. 

Use Colors 
Correctly 

Prepare Ink and 
Syringes 

i I I I 

v' Be careful with colors . Injecl ink into the correct color chamber. 

v' Before refilling, always verify the ink colors by inserting a 
wooden toothpick into each refill hole, withdrawing it, and 
checking the color. 

0 Injecting the wrong ink inlo the cartridge chamber will cause 
unfavorable print resulls and incorrect color. 

v' Unused ink may be stored in syringes. Be sure to label the 
syringes with the included color identification labe ls and 
replace the scabbard on the tip of th e needle. 

v' Attach the needles securely to each syringe. 

v' UsP. thP. large syringe for black ink. 

v' Do not open bottles or fill syringes with ink until needed. 

0 Be sure to rinse needles and syringes thoroughly before 
changing from cyan to photo cyan, or magenta to photo 
magenta, to avoid color contamination. 

Do Not Remove Seal v' To reduce the chance of a spill, do not remove the bottle seal. 

v' Use the needle or the screw tool to create a small hole in the 
seal. 

Avoid Overfilling 

www.easyinkjetrefill.com 

v' Di-aw the ink into the syringe th rough Lhe small hole . 

v' Keep the lids on the bottles when not in use. 

v Take care to avoid overfilling cartridges, as they will not print if 
overfilled. 

v' Use only enough ink to fill the cartridge. 

v' Remove any excess ink with the syringe if overfilled. 

0 Never ins tall a leaking, dripping, seeping, or oozing ca rtridge 
into a printer. 

0 Overfilled cartridges may leak and cause color contamination. 

Page 5 
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Alphabetical Index 
Apple ® 

M1949 ... 

Canon® 

.. 18 

BCl-6C/BC l-6M /BC l-6Y.. . ... 18 
BCl-6PC/DC l-6P M... . . .................... l B 
BCl-8Bk.. . ............... l 8 
RC-: l-8C-:/ RC-:l -8M/RC-:l-8Y ..................... . .... ..... .... .. .... .... .. 18 
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Epson® 

TOl 6*/TOl 6201 * .. 
TOl 7*/TOl 7201*. 
TOl 8*/TOl 8201 * ... 

Inltjet Refilling Manual 

18 
. .............. 18 

. .... ....... .......... 25 

..... 23 
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t t 
Tape over left 
contacts first. 

t ! 
Then tape the 
right contacts. 

Resetting Ink levels in HP printers 
Hewlett-Packard: 15•17•23•41 •45•78 

Most printers only remem be, the lc1st two cartridges (of each color) 
used in the printer. If you have two extra cartridges (these can be 
old and non-functional), simply install them in the printer. one after 
the other. and then re-install the refilled cartridge for 100% ink 
levels. Jf extra cartridges are not available, mos t printers can be 
reset to 100% ink levels with the following procedure: 

1. Pull the cartridge(s) OLtl of the printer and face them as shown at 
left (one or both cartridges may be rnset ilt the same time with 
tl1 is pror:edure). 

2. Place a piece of tape so that it just covers the top four contacts on 
the left side of the contact area, as shown. 

3. Re-install the cartridges with the tape in place. 

4_ Close the printer and wait apprnximntely five seconds. 

5. Open the printer and wait for the printer carriage to present the 
cartridges. This may take some time, and the printer lights may 
flash indicating an error. This is normal. 

6. Remove the cartridges and move the tape to Lhe olher side as 
shown, below left. 

7. Re-install the cartridges once more, with the tape in place. 

8. Close the printer and wait approximately five seconds. 

9. Open the printer and wait for the printer carriage to presenl Lhe 
cartridges. This may take some time, and Lhe printer lights may 
flash indicating an error. This is normal. 

10. Remove the cartridges and remove all the tape. Be sure the 
contacts are clean. 

11. Re-install the cartridges. Ink levels should now read 100%. If 
they do not, repeat the procedure, covering only the top three 
contacts. If ink levels still do nol read 100%, repeat the 
procedure, covering only the top two contrtr:ts. 

www.easyinkjetrefilJ.com Page 31 
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A£ 
Pull syringe 

to clear 
cartridge 

Seal must be 
airtight 

Page 30 

General Cartridge Priming 
1. Use the priming tools provided in the refill kit. Begin by 

attaching the small or large suction tip to a clean syringe. 

2. The large suction tip is for priming an entire pr int head. To use 
il, you musl press Lhe large end to the outlets on your print head, 
forming an airtight seal. Apply suclion Lo Lhe print head until ink 
or ink bubb!Rs nppRar in th e syringe. Tf you cannot establish an 
airtight seal, you may need to trim the priming tip to better fit 
the size of your print head. 

3. If you are priming a color cartridge, visually inspect the color of 
the ink in the syringe. This m ay indicate which colors are 
flowing through the print head properly. 

4. Wipe the print head with a damp papRr towel and Rxamine the 
nozzles (the tiny holes on the print head). Press the print head to 
a damp paper towel, and then to a dry one and examine the 
unifor mity. Do the nozzles appear clear of debris ·1 Do they seem 
to be uniformly re leasing ink? 

5. The small suction tip is for priming individual nozzles. It is used 
in much the same way as the larger tip, but it is designed lo 
target specific nozzles that nRed to be primed. 

b. Press the tip lightly over the clogged nozzles and draw the 
syringe. You should fee l some resistance or see ink fl ow if you 
are making a good seal with the surface. If you see the wrong 
color of ink, then you may be missing the targeted nozzle. Adjust 
the position of the syringe and try again. 

7. After you have finished, clean the h ead and contacts with a damp 
paper towel. Place the cartridge into your printer and run 
test/cleaning cycles as described in your printer manual. 

G3Refill Tip: The small priming tip may also be used in conjunction 
with a rubber square to remove air from a cartridge so 
more ink can be injected. To do this, seal the print 
head and push the small tip into the refill hole. Extract 
air and bubbles of ink. Release pressm-e and fill with 
ink per specific cartridge instructions, then prime 
cartridge again. 

Free Technical Support at 316.618.3500 
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Hewlett-Packard ® 
5 16:2 5 (:25).. . ... .. 11 
51626(26) ..... .. ...... ... ............ 12 
5 1629 (29) ... 12 
5l633 (33).. . ..... ............ 12 
5 1640 (40) .......... .. 8 
5 1641 (41) .. 
51644C/5 1644M/51644Y .. 
5 164 5 (45) .. 
5 l649 (49) .. 
5 l 650C/5 1650M/5 1650Y ... 
C!816 (16) ... 
C!816A (16 ) 
C182:l (2:1) 
C3844A (844) 
C3845A (845) .. 

C50 11AN 
C6578 
C6614 
C6615 
C6625 
Cbb28 
C6634 
C6635 
C6656 
C6657 
C6658 
C8727 
C87l8 

Lexmark® 

16 I 
l 7 

1382060 .. 
15 M0 120 
15M0J:!5 
16G0055 
16G0065 
l 7G0050 
17G0060 
1 RT .00.12 
18L0042 

Misc 
Car tridge Top 
Check and Correct 
Geuernl Cai Ln t.lye 

InkJet Refilling Manual 

HP Cnrtrlrlge Prim ing .. 
Tri-color Cartr idge Trouble shooting ..... .. .... ..... .... ...... 28 

Okidata® 

Olivetti® 

84433S (Black).. . ...... l b 
JP1 50-150. . ........ 11 
JP470 ... ..... . .... . .......... ...... ... .. ... .. .......... ..... .. ..... .. .. 17 
J P470 
JP790 .. 
JP790 
JP795 .. 
JP795 (tllack 
J P883 .. . ....... ....... .. ....... . ..... .. 17 
JP883 (Black) 

Panasonic® 

Sharp ® 
AJ-C50B .. .. 
AJ CSOC .. . 

Sony® 
\JC-B I 
IJC-<.1. 

Xerox ® 

.16 

.12 

.11 

Other Cartridges ......... .. ....... online at www.easyinkj etrefill. com 

* Ink is compatible with this cartridge, but cartridge may require a smartchip reset to p r int. 
See www.s lralitec .com for details. 
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Recommended Tools 

~ 

• Snap cartridge into 
cartridge refill clip 

I~ 
Ensure that syringe 
tip is secure ..,~ 
Inject. ink slowly 

-t 
i 

Step 7: Tip upright 
and withdraw air to 
balance pressure 

Page 8 

Hewlett Packard: 51645 (45)-:51640 (40)•C6615 (15) 
• 51644C/51644M/51644Y• 51650C/51650M/51650Y 
Apple: M5658•M5659 (Letters at end of part number may vary.) 

1. Read pages 4-5 for important general information thaL will greatly 
improve your results. 

2. Assemble the cartridge refill clip by titting the rubber tip into the 
base of the refill clip, as shown (top left). 

3. Place the ink cartridge in the cartridge refill clip by p lacing the 
print head against the flat surface of the rubber tip and pressing the 
carlridge firmly in Lu lhe clip unlil il snaps inlo place. 

4. Make sure that the print head is aligned with the filling hole in the 
rubber tip and that it fits flush against the base of the clip. If 
necessary, adjust the cartridge by laying it on a flat, hard surface 
and pressing down firmly, or by reinserting the cartridge. 

[5'Note: If this is the fi rst refill of the cartridge, attach the syringe as 
shown at left, and use it to remove and discard any ink 
remaining in the cartridge. Mixing the original ink and the 
refill ink may rndur:e print quality. 

5. Fill the large syringe with the appropriate color of ink and then 
carefully remove the needle. 

6. Attach the syringe to the rubber tube coming from the end of the 
tool. Make sure lhal the syringe is securely allached before 
injecting ink into the cartridge. Syringe styles may vary. 

7. After the ink has been forced into the cartridge, you must balance 
the pressure in the cartridge by extracting any remaining air. 
Rotate the cartridge cl ip until the print head and syringe are 
upright, then slowly withdraw the plunger until 3ml of ink is drawn 
back into the syringe. 

8. Once cartridge is refilled, remove it from the refill clip and clean the 
print head a nd r:ontac ts with a damp paper towel. 

':l. Confirm that no ink is dripping from the print head. lf the print 
head is leaking, repeat step 7. 

10. Re-install the cartridge and run cleaning cycles. Please r ead the 
section on "Resetting Ink Levels" on page 31. 

[5'Note: Refill ink cartridges promptly. If necessary, refilled cartridges 
may be stored in a sealed plastic bag. 

~ Troubleshooting: If you followed the instructions carefully 
but need additional help, please review pages 34-35. 

Free Technical Support at 316.618.3500 

•stratilBC® InkJet Refill Kit Ink] et Refilling Manual 

Clip cartridge in place 

Check that the 
head is centered 

on the rubber pad 

~ / 

HP Cartridge Priming 
Sometimes, when the cartridge has run dry, one or more colors will 
not print, even after refilling. To fix this, prime the cartridge with 
the following steps. 

1. Insert the cartridge into the HP Clip tool. Attach a dean syringe 
to the rubber tube r:oming from the end of the tool. Make sure 
that the syringe is threaded tightly before proceeding. 

2. Once you are sure that the seal is t ight, draw from the cartridge 
until ink begins to flow into the syringe. (Never push ink back 
into a color cartridge) 

3. After you have finished, take the cartridge out of the refill clip 
tool and clean the head, contacts, and clip tool with a damp 
paper towel. 

4. Place the cartridge into your printer and run test/cleaning cycles 
as described in your p r inter manual. 

5. If printouls are slill slreaky, use the large and/or small priming 
tip as described on page 30. 

6. If colors are muddy or incorrect, please read the tr i-co!or 
cartridge information on page 28. . .. . ~ 

~ @ 

~ 
Ensure that 
the seal is 

tight 

Note: syringe tip style 
may vary. Push rubber 
t ip onto syringe as far 

as possible. 

Never 
push ink 
back into 

a color 
cartridge 

HP Printer Maintenance Codes 
Make/Model Task Sequence Sequence Description 

Series Performed Code (Hold down the Power button and .. ) 

HP / 9XX / 8XX Light Clean 20 Tap Tap Cancel twice 

HP/9XX/8XX Intermediate 21 Tap Tap Cancel twice, then Resume once 

HP/ 9.XX / 8JC( Pnme 22 Tap Tap Cancel twice, then Resume twice 

HP/ 9XX Self TP.s t. 84 Tap Tnp Canc:el 8 times , then Resume 8 ti mes 

HP /8XX Self Tesl 4 Taµ T ctp Resume 4 times 

H P/GXX/e20 Pen Clean 7 Ta p Tap Resume 7 times 

For more information visit: hpinkjct.sourcctorqc.nct/pcnclcaning.php 
[?\'Note : This web page is not affiliated with Stratite c, Inc. 
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Figure 1: Example test page 
created in OpenOffice.org's 
Draw program. You will find a 
link to download this test 
document nt the following 
addn::!SS: 
www .strati tee. co mfink refill/s u pportj 

If you don't have 
OpenOffice.org, v1s1t 
www.openoffice.org to down
load the free application and 
install it. You will need this 
program to open the test page. 

You may generate your own 
test page using any paint or 
draw program ava1lable on 
your system. 

Page 28 

Tri-color Cartridge Troubleshooting: 
Unsatisfactory print results or incorrect colors using color HP or 
Lexmark cartridges 

1. Ink contamination will cause the printer to produce off-color 
oulpul. 

2. Contamination usually occurs when one or more colors have 
been overfilled, and can occur even if overfilling was not 
obvious. The overfilled color forms a small ink drop on the print 
head. The sponges containing the other colors wick the 
overfilled color up into the ir chambers. This causes the 
overfilled color to combine with and contaminate other colors. 

3. In some cases, contamination can be caused by failure to 
sufficiently wash the needle and syringe or by accidentally 
injecting the wrung color. The procedure below may not 
resolve color contamination due to these errors. Tf these are the 
cause of your color contamination, please follow the Cartridge 
Priming Procedures on page ~9 to purge your cartridge, then 
refill the cartridge again, using the appropriate instructions. 

4. To resolve ink conlaminalion caused by overfilling, download 
the r,olor test p;ige from www.strntiter,_r,om/inkrefill/support/. 
This test page uses the color management capabilities of a free 
software package called OpenOffice.org. If you do not have 
OpenOffice.org installed, vis it www.openoffice.org for a free 
download of the latest version. OpenOffice.org is compatible 
with virtually all modern operating systems. 

5. Print the test image repeatedly until the colors print properly. 
The number of prints required depends upon the degree of 
contamination. 

§'Note: The OpenOffice.org Draw application is used for this color 
page because it allows "pure" colors to be printed. You can create 
a similar test page in any available drawing or graphics program, 
bul your color purily may vary. 

Free Technical Support at 316.618.3500 
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Recommended Tools ,__ --... '"'->. 

51641 • C1823 
C6578 • C6625 

Black Cyan 

IC3845A (845)! 

Photo 
Magenta 

I 
Magenta 

IC3844A (844)1 

Hewlett-Packard: C3844A (844)•C3845A (845) 
51641 (41)•C1823 (23)•C6578 (78)•C6625 (17) 

1. Read pages 4-5 for important general information that will greatly 
improve your results. 

2. Locate the filling hole plugs on the top of the cartridge (position 
may vary). Push the plugs into the cartridge with the screw tool. 
Leave the p lugs inside the cartridge. If your cartridge does not have 
plugs, or if you cannot push them in, drill holes where shown with 
the included 3mm drill bit. 

[?fNote: Defore re filling, always verify the ink colors by inserting a 
toothpick into each hole and checking the color. 

3. Select a color and fill a syringe with ink. Insert the needle into the 
correct refill hole, working it past the plug, until the tip is halnvay 
into the foam sponge, then position the cartridge horizontally, as 
shown below. 

1. Slowly in_ject 3-lOml of ink. Injecting ink too quickly may trap air 
inside the cartridge. As you add ink, watch the print head closely. If 
ink begins Lo come oul of Lhe prinl head or around Lhe filling hole, 
stop filling, then use the syringe to extrnct ilbout 1 ml of ink. 

5. Leave the cartridge in the horizontal position as shown below. 
Repeat the previous steps to fill each color in the cartridge. 

6. Verify ink flow by pressing the print head against a damp paper 
towel. Each color should leave a solid line on the towel. If not, follow 
the instructions on page 29 to prime the cartridge . 

7. IMPORTANT: This cartridge is easy to overfill. Check for 
overfilling by following the instructions on page 33. 

8. Re-install the cartridge and run cleaning cycles . Please read the 
section on "Resetting Ink Levels" on page 31. If print results are 
unsatisfactory or colors are incorrect, please read "Tri-Color 
Cartridge Troubleshooting" on page 28. 

[?fNote: For best results, refill r:ilrtridges before they are empty. 

~ Troubleshooting: If you followed the instructions carefully 
but need additional help, please review pages 34-35. 

Important: The 
fill holes must 
stay open. Do 

NOT p lug or tape 
over the fill holes 

a±ter filling. 

/ 
Slop filling if 
ink drips from 
print head. 

,~ 

www.easyinkjetrefill.com Page 9 
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Recommended Tools 

Cl.. 

Black 

C6656 (56) 
C8727 (27) 

Page 10 

Hewlett-Packard: C8727 (27)•C8728 (28)•C6656 (56)•C6657 (57) 
•C6658 (58) 

l. Read pages 4-5 for important general information that will greatly 
improve your results. 

2. To access fill ing holes, remove the sticker from the cartridge top. If 
refilling a color cartridge, select a color and fill a syringe with ink. 
Tape over unused filling holes to prevent ink from contaminating the 
other ink colors. 

3. Carefully insert the needle into the correct filling hole until the tip is 
halfway in to the foam sponge. 

4. Position the cartridge horizontally as shown (above left). Slowly 
inject 3-5ml of color ink or 10-20ml of black ink. Injecting ink too 
quickly may trap air inside the cartridge. As you add ink, watch the 
print head closely. If ink begins lo come oul of lhe prinl head or 
around the filling hole, stop filling, then use the syringe to extract 
about 0.5ml of ink. 

5. Refill each color by repeating the above process, making sure to 
tape over the unused refill holes. 

6. Verify ink flow by pressing the print head against a damp paper 
towel. Each color should leave a solid line on the towel. If not, follow 
the instructions on page 30 to prime the cartridge . 

7. IMPORTANT: This carlridge is easy Lo overfill. Check fur overfilling 
by following the in structions on page 33. 

8. Once cartridge is refilled, install it and print a few test pages. If 
print results are unsatisfactory or colors are incorrect, please 
read "Tri-Color Cartridge Troubleshooting" on page 28 . 

-lvTroubleshooting: If you followed the instructions carefully 
but need additional help, please review pages 34-35 . 

Magenta 

Yellow RW ·cyan 

C8728 (28) 
C6657 (57) 

Photo Magenta 

Black 

I C6658 (58) I 
Photo 
Cyan 

Free Technical Support at 316.618.3500 

aStTBlilBC® InkJet Refill Kit InkJet Refilling Manual 

More Instructions Available at www.easyinkjetrefill.com 

. I ; ~ 

IIIIJ!!!!III 

• 
Hewlett Packard: 
C4841•C4842•C4843•C4844(10) 
C4836 •C4837 •C4838(11) 

Canon: 
BCI-60 • BCI-61 •BD-33e 

Epson: 
S020122 (Y)•S020130 (C)•S020126 (M) •S020062 •S020118 
S020034•S020036•S020143•S020147 
T480/T480011 •T48 l/T481011 •T482/T482011 •T483/T48301 1 
T484/T48401l•T485/T485011•T036•T037 

Other/New: 
Many others 

www. e asyinkj e tre fill. com Page 27 
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Recommended Tools 

Q_ 

Release dip with 
screw driver 

Refill hole 

Vent hole 

En1arge refill hole with 
screw tool and Inject Ink. 

Page 26 

Brother: 
LC02BK • LC02C/Y/M • LC04BK • LC04C/Y/M • LC21 BK• LC21 C/Y/M 

1. Read pages 4-5 for important general information that will gr eatly 
improve your resulls. 

2. Tightly seal the ink outlet on the bottom of the cartridge with tape. 

3. Place the cartridge on a flat , ink-rnsistant surface or un paper 
towels or absorbent cloth in case of spills or leakage. Use a small 
screw driver to pry the lid from the cartridge (as shown at left). The 
lid is easy to remove once lhe screw driver has pulled back the clip. 

4. Study the two lower photos carefully and note that there are two 
holes under the seal. Use the screw tool to make a hole in the foil 
covering the refill hole (as shown, bottom IP.ft) large enough for the 
needle to pass freely. 

S. Carefully insert the needle through lhe refill hole and into the 
cartridge as far as possible, then slowly inject 6-8ml of ink. As you 
a dd ink, watch the print h ead closely. If ink begins to come out of 
Lhe print head or around the filling hole, stop filling, then use the 
syringe to extract about 0.5ml of ink. 

6. Carefully wipe the area around the refill hole until it is dry, then 
apply an adhesivP. tnpe dot (included) or s lrung adhesive tape to 
form an airtight seal. 

7. Remove the tape covering the outlet on the bottom of the cartridge. 

8. Allow the cartridge to sit in a metal or stainless steel sink or pan for 
10-20 minutes. The cartridge should not leak. If ink seeps or leaks 
from the cartridge, check the seal on Lhe refill hole and make su re it 
is airtight. 

9 . When you have verified that the cartridge is not leaking, re-install 
the cartridge, run the cleaning cycles, and print tes t pages. 

~ Troubleshooting: If you have followed the instructions 
carefully but need additional help, please review pages 34-35. 

Free Technical Support at 3 16.618.3500 
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Recommended Tools 

Q_ 

_.,.,,, 
Detached 
top looks 
like this -
--

\ ~ ---· 1 

--
lcyL I 

Magenta Yellow 

liiPI 
l!!J 

Magenta 
Black 

Hewlett-Packard: :ilfi2:i (2S) •51649 (49 )•C6634 (34)•C6635 (35) 
•Cl816 (16)•C1816A (16) Apple: M5694 Sony: ]JC-CI 
Olivetti: JP 150-450 
[6-8ml per color] 

1. Read pages 4-5 for im portant general information that will greatly 
improve your results. 

2. If this is the first refill, the cartridge top must b e removed. Please 
read the instructions on page 32 for inslruclions. 

3. Once the top has been removed, place the cartridge on paper towels 
or or absorbent cloth in case of spills or leakage, and position it 
horizontally. Select a color and fill a syringe with ink (see photos 
with color identification, below left). Tape over unused filling holes 
to prevent ink from contaminating the other ink colors. 

j 4. Carefully insert the needle into the correct filling hole until the tip 
is halfway into the foam sponge . 

t 5. 

6. 

7. 

8. 

Slowly inj ect 3-8ml ink. Injecting ink too quickly may trap air inside 
the cartridge. As you add ink, watch the pcint head closely. If ink 
begins to come out of the print head or around the filling hole, stop 
filling, then use t.he syringe to extract a bout 1 ml of ink. 

Leave the cartridge the horizontal position as shown below. Refill 
each color by repealing Lhe above process, making sure to tape over 
the unused r efill holes. 

Verify ink flow by pressing the print head against a damp paper 
towel. Each color should leave a solid line on the towel. If not, 
follow the instructions on page 30 to prime the cartridge. 

IMPORTANT: This cartridge is easy to overfill. Check for over
filling by following the instructions on page 33. 

9. Once the cartridge is refilled, tape the cartridge cover securely in 
place, re- install the cartridge, run the cleaning cycles, and print tes t 
pages. 

[5Note: For best resul ts, refill carlridges before they are empty . If 
print results are unsatisfactory or colors are incorrect, please 
read 'Tri-Color Cartridge Troubleshooting" on page 28. 

~ Troubleshooting: If you followed the instructions carefully 
but need additional help, please review pages 34-35. 
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Recommended Tools 

Cl.. l 1 

-... ... j 
-~~-- -------~ 

Vent Maze 

Ballast Hole 

Fill Hole 

e ~,,_·• 
g ' 
/,. 

~,? 

,; ' 

~1 

Page 12 

Hewlett Packard: 51626 (26) •51629 (29)•51633 (33)•C6614 (20) 
•C6628 (19) Apple: M5693 Sony: !JC-BI (Suffix may vary) 

1. Read pages 4-5 for important general information that will greatly 
improve your results. 

2. Cover the "ballast hole" in the center of the arrow on the cartridge 
lid with tape to preserve current pressure before filling (see photo). 

3. Unplug the refill hole on the top of the cartridge (see note, below) 
and inJect 15-20ml of ink. 

[.1Note: Some cartridges du nul have a fill hole. Use a 3mm drill bi t. 
to make a hole in the position shown. Older cartridges may 
have a refill hole on the top that is sealed by a ball bearing. 
Push the ball bearing into the cartridge, taking care nol Lo 
damage the print head while doing so. 

4. Once the cartridge is refilled, seal the refill hole with a rubber plug. 
Do nul use Lape. Be s ure the seal is airtight, or tile cartridge will 
leak. 

5. The pressure in the cartridge must be equalized. Place the 
cartridge in an upright position in a small pan or in a sink, as 
equalizing the cartridge causes ink to drain from the vent maze. 

6. Place a small rubber priming tip (page 3) on a clean, empty syringe 
and draw 4ml of air into the syringe. Remove the tape from the 
ballast hole and carefully align the opening of the rubber tip over 
the ballast hole, creating an airtighl seal. T nject air into the ballast 
hole, then hold the syringe place for 20 seconds, maintaining an 
airtight seal. Several ml of ink should flow out through the vent 
maze as the cartridge pressure equalizes. 

7. Clean the cartridge thoroughly and look closely to see if ink 
continues to seep from the print head or vent maze. If ink continues 
to seep, verify that the refill hole is sealed properly, then repeat 
steps 6 - 8. The process should be repeated until the cartridge no 
longer seeps, indicating that the pressure is equalized. 

8. Verify ink flow by pressing the print head against a damp paper 
towel. The print head should leave a solid line of ink on the towel. If 
not, follow the instructions on page 30 to prime the cartridge. 

9. Although the cartridge does not appear to leak, verify this by 
waiting approximately 10 minutes before checking the cartridge 
again. If the cartridge is nol leaking , re-install the cartridge, run 
the cleaning cycles, and print test pages. 

~ Troubleshooting: If you followed the instructions carefully 
but need additional help, please review pages 34-35. 

Free Technical Support at 316.618.3500 
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Recommended Tools 

a... ,.._ 
Seal outlets on the 
base of cartridge 

*Micro-droplet 
Counter Chip 

= = ttS ~ ... 
~ ~ ...,J ...,J 6 

>, = c:: -u u ai ai 'ii 
.8 ~;?;,; 
0 ~ ~ 

-= 0 
~ -0 

-= ~ 

Epson: 
T00l/T00l 01 l •T008*/T008201 *•T009*/T009201 *•T0l 6*/T0l 6201 * 
•T027*/T027201 *•T040/*T040120*•T041*/T041020*• S02019 3 

[.,1Not.e: Cartridges marked with a"*" may have a chip that counts the 
number of micro-droplets printed and is set to turn off when a 
pre-determined number of droplets are printed, although the 
cartr idge may not be empty. To refill and use this cartridge, 
the chip must be reset. There are a number of ways to reset 
the chip. For instructions, please visit www.stratitec.com. 

1. Read pages 4-5 for important general information that will greatly 
improve your results. 

2 . Seal the ink ou tl et.(s) at the base of the cartridge wi th clear tape. 

3. Use the needle or the screw tool to puncture the cartridge label 
where the label is indented, indicating refill hole location. 

4. Carefully insert the needle into the refill hole until the tip is halfway 
into the foam sponge, then slowly inject 4-1 Om! of ink into the refill 
hole, gently tapping the cartridge after each ml is injected to allow 
air bubbles to escape. Inj ecting ink too quickly may trap air inside 
the cartridge. As you add ink, watch the print head closely. If ink 
begins tu come out of the print head or arou nd the filling hole, stop 
filling, then use the syringe to extract about 0.5ml of ink. 

5. Refill each color by repeating the above process, making sure tu 
tap e over the unused refill holes to prevent contamination. 

6. Seal the refill holes with strong adhesive tape. Leave the clear tape 
on the ink ULtllet(s) to ensure a prope1- seal when the cartridge is 
reinstalled . The tape will be punctured by the print head carriage 
when the cartridge is re-installed. 

7. Follow the chip resetting instructions and re-install the cartr idge. 

~Troubleshooting: If you have followed the instructions 
carefully but need additional help, please review pages 34-35. 

www.easyinkjetrefill.com Page 25 



aSttalilBC® InkJet Refill Kit InkJet Refilling Manual 

Recommended Tools 

a_ ,-.. 
Seal ink outle ts 

S020138 

... 
EPSON• 

COLOI: INK (AITAll>Gf 
s•~,o~~cec 

L ;' __ ,..,._,..~ 

Black 

Magenta 

Epson: S0l0138•S020047 •S020049 •S020097 

1. Read pages 4-5 for important general information that will greatly 
improve your results. 

2. Seal the ink outlet(s) at the base of the cartridge with clear tape. 

3. Use the needle or the screw Lou] Lu puncture the cartridge label 
where the label is indented, indicating refill hole location. 

[ifNote: Before reCTlling, always verify the ink colors by inser ting a 
toothpick into each hole and checking the color. 

4. Carefully insert the needle into the refill hole until the tip is halfway 
into the foam sponge, then slowly inject 4-10ml of ink, gently 
tapping the cartridge after each ml is injected to allow air bubbles to 
escape. Injec ting ink too quickly may trap air inside the cartridge. 
As you add ink, watch the print head dosely. If ink begins to come 
out of the print head or around the filling hole, stop filling, then use 
Lhe syringe to extract about 0.5ml of ink. 

5. Refill each color by repeating the above process, making sure to 
tape over the unused refill holes. 

6. Seal the refill holes with strong adhesive tape. Leave the clear tape 
on the ink outlet(s) to ensure a proper seal when the cartridge is 
reinstalled. The tilpP. wi ll be punctured by Lhe prinL head carriage 
when the cartridge is re-installed . 

7. RP.-inst;ill the cartridge and prinL lesL pages. If print results are 
unsatisfactory or colors are incorrect, please read "Tri-Color 
Cartridge Troubleshooting" on page 28 . 

() IMPORTANT: It usually takes 4-24 hours for ink to flow to thP. prinL 
head properly once the cartridge is re-installed. For bes t resul ts, refill 
ca rLridg es before they are empty. Empty ink cartridges should be 
refilled promptly, as cartridges that are old or dry may not refill 
successfully. If necessary, refilled cartridges may be stored in a sealed 
plasLic bag. 

~ Troubleshooting: If you have followed the instructions carefully but nP-P.rl arlrl itinnal help, please review pages 34-35. 

Magenta 

Page 24 

Fl 
l::p 

Cyan 

Yellow 

S00047 
S020049 • S020097 

-" llll~CU114KI 
W,.._1-.Jl(:.C 

Free Technical Support at 316.618.3500 

as,ratilBC® InkJet Refill Kit Ink] et Refilling Manual 

Recomm e n ded Too ls 

<T .=a .. w..,.,. "' ,.. ,., ,., 
~ 

Black 

I 

.......---

Mag e yta 

P. 11 0 

• 

Hewlett-Packard : C5010AN (14) •C5011AN (14) 

1. 

2. 

3. 

4. 

5 . 

6. 

RP.ad pages 4-5 for impurlant general information that will greatly 
improve your results. 

Place Lhe cartridge on a flat, ink-resistant surface with the bottom 
facing up as shown . 

This cartridge is refilled by forcing ink through the ink outlets. It is 
important not to dent, mar, or damage the ink outl et, or th e cart
ridge will be unusable. 

Fill the syringe with the dP.sired ink color, then carefully remove lhe 
needle and attach the small rubber priming tip (page 3). 

Press the priming tip gently against tlrn ink outlet on th e carlridge 
and slowly inject ink, up to 6ml for color and up to 23ml for black. 
If the sponge is dry, it may absorb the ink slowly. Stop filling when 
the sponge is fu ll and stops absorbing ink quickly. 

Carefully turn the cartridge to the upright position, using a paper 
towel or absorbent cloth to absorb any ink dripping from Lhe ink 
outlet. Hold cartridge upright until ink no longer drips from the ink 
outlet. Installing the cartr idge while ink is still dripping and/or 
leaking out of the cartridge may damage Lhe printer. 

7. Re-install the cartridge, run the cleaning cycles, and print test 
pages. lfp1·int rnsults are unsalisfaclury or colors are incorrect, 
please read "Tri-Color Cartridge Troubleshooting" on page 28. 

8. Mosl prinlers requiring the HP 14 cartridge have an ink-level 
counter that must be disabled in order to use refilled cartridges. 
Instructions for disabling the ink counter are available in your 
prinler manual or the technical support center. 

~ Note: For best results, refill cartridges before they are empty. 

~ Tro ubleshooting: If you followed the instructions carefully 
but need additional help, p lease review pages 34-35. 
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Recommended Tools --- ...._ 
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Enlarge the hole on 
the top of the 
cartridge I 

insert half the 
length of the 
needle Into 
the refill hole 

\ 
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Lexmark: 1810032 (82)•1 0N0016 (16 ) Xerox: 8R7903 

1. Read pages 4-5 for important general information that will greatly 
improve your results. 

2. Enlarge the small hole on the top of the cartridge with a 3mm drill 
bit or screw tool. 

3. Fill the large syringe with ink and carefully insert the needle into 
the refill hole until the tip is halfway into the foam sponge. 

4. Slowly inject 10-20ml of ink for the 16, or l 5-25ml of ink for the 82. 
As you add ink, watch the refill hole closely. If ink begins to 
overflow around the refill hole, stop filling, and use the syringe tu 
extra ct 1-2 ml of ink. 

5. Verify ink flow by pressing the print head against a damp paper 
towP.1. The print head should leave a solid line of ink on the towel. If 
not, follow the instructions on page 30 to prime the cartridge. 

6. IMPORTANT: This cartridge is easy to overfill. Check for over
filling by following the instructions on page 33. 

7. Re-install the cartridge, run Lhe clean ing cyclP.s, and print tes t 
pages . If print results are unsatisfactory, the cartridge may be 
overfilled. If you inj ected more than 15ml of ink, try r emoving an 
additional 2-3ml of ink ,md Lry again. 

~ Note: For best results, refill cartridges before they are empty. 

~ Troubleshooting: If you followed the instructions carefully 
but need additional help, please review pages 34-35 . 

Free Technical Support at 316.618.3500 
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Recommended Tools 

Q_ ... 
Seal the 
ink outlet 
hole on 
base of 
cartridge 
with tape 

*Micro-droplet 
Counter Chip 

11DD111 M:#~1•al 

LJ 
Yellow 

Black 

Magenta 

Epson: 
T018*/T018 20l *•T029*•S020089•S020093•S020108•T007*/T0072 
01 *•T015*•T01 7*/TOl 7201*-T02ti* •T028*-S020191 •T005 •T020•T 
014/T014201 • S020187 •S 020189 •T003•T013 •T01 9 • (and uLhers) 

, E'fNote: Cartridges marked with a "*" may have a chip that counLs Lhe 
number of mic.ro-droplets printed and is set to turn off when a 
pre-determined number of droplets are printed, although the 
cartridge may not be empty. To refill and use this carLridge, 
Lhe chip must be reset. There are a number of ways to reset 
the chip. For instructions, please visit www.stratitec.com . 

1. Read pages 4-5 for important general information that will greatly 
improve your results. 

2. Seal the ink outlet(s) at the base of the cartridge with clear tape. 

3. Use the needle or Lhe screw tool to puncture the r.artridge labe l 
where the label is indented, indicating refill hole location. 

~ Note: Before refilling, always verify Lhe ink colors by inserting a 
toothpick into each hole and checking the color. 

4. Car efully insert the needle in to the refill hole until Lhe Lip is halfway 
in to the foam sponge, then slowly inj ect 4-10ml of ink into the refill 
hole, gently tapping the cartridge after each ml is inj ected to allow 
air bubbles to escape. Injecting ink too quickly may trap air inside 
the cartridge. As you add ink, watch the print head closely. If ink 
begins to come out of the print head or around the filling hole, stop 
filling, then use the syringe to extract about 0.5ml of ink. 

5. Refill each color by repeating the above process, making sure to 
tape over the unused refill holes to prevent contamination. 

6. Seal the refill holes with strong adhesive tape . Leave the clear tape 
on the ink outlet(s) to ensure a proper seal when the cartridge is 
reinstalled. The Lape will be punctured by the print head carriage. 

7. Follow the chip resetting instructions and re-install the cartridge. 

•• i r 'rj .rrr r-FI ■ -,-
.. 

a,s:)N " 
(OI.Qt;Mlll<Mffil)fl 

Ul!,~;!:~ 

* Marked cartridges contain a Micro Droplet Counter Chip. Please review chip 
resetting instructions at www.easyinkietrefill.com for further information. 

~ Troubleshooting: If you have followed the instructions carefully but need additional 
help, please review pages 34-35. 
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Cl. ,.._,,, 

Cyan 

Magenta 

Yellow 
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Canon: BC-OS Apple: M4609 

1. Read pages 4-5 for important general informat.ion that will greally 
improve your results. 

2. These cartridges have plugs on the top of the cartridge that musl 
be removed (see image, left). Press the included screw tool into 
each plug and turn clockwise until the tool is secured in the plug 
and you are able to pull the plug out. If you are unable to remov8 
the plugs, simply use the screw tool to enlarge the holes so that ink 
can be injected. 

3. Slowly inject 3-Sml of the appropriate color of ink into each refill 
hole. 

4. Use strong adhesive tape or the included small low-profile rubber 
plugs to senl the refill holes. If the seal is not airtight. the cartridge 
will leak. 

5. Verify ink flow by pressing the print head against a damp paper 
towel. The print head should leave a solid line of each color of ink 
on the towel. If not, follow th8 instructions on page 30 to prime the 
cartridge. Check for ink flow. 

6. IMPORTANT: This cartlidg8 is easy to overfill. Check for over
filling by following the instructions on page 33. 

7. Re-install the cartridge, run th8 clean ing cycles, and pi-int tesl 
pages. If print results are unsatisfactory or colors are incorrect, 
please read "Tri-Color Cartridge Troubleshooting" on page 28. 

'3Note: For best results, refill cartridges before they are empty. 
Empty ink cartridges should be refilled promptly, as 
cartridges that are old or dry may not refill successfully. If 
necessary, refilled cartridges may be stored in i1 sealed plastic 
bag . 

¥ Troubleshooting: If you have followed the instructions 
carefully but need additional help, please review pages 34-35. 

Free Technical Support at 316.618.3500 

aSttBlilBC® Inkjet Refill Kit InkJet Refilling Manual 

Recommended Tools 

Cl..---,.~ 

Remove cartridge top 
with pliers or drill 
though top to reach 
each ink chamber 
(page 32) 

Ink 
Chambers 

Lexmark: 10N0026 (26) • 18L0042 (8 3) Xerox: 8R7904 

1. Read pages 4-5 for important general information that will greatly 
improve your results. 

2. Carefully remove the top cover of the cartridge using channel-lock 
pliers or a small screwdriv8r. You may want to use the included 
3mm drill bit to make a hole above each ink chamber instead of 
removing the top. Use care to prevent damage to the sensors located 
on the back of the cartridge. 

3. Once the top has been removed, place the cartridge on paper towels 
or or absorbent cloth in case of spills or lP-nkngP., ;ind position it 
horizontally. Select a color and fill a syringe with ink (see photos 
wilh color identification, below). Tape over unused filling holes to 
prevent ink from contaminating the other ink colors. 

4. Carefully inserl Lhe needle into the correct filling hole until the tip is 
halfway into the foam sponge. 

S. Slowly inject 2-7ml ink. Inj ecting ink too quickly may trap air inside 
the cartridge. As you add ink, watch the print head closely. If ink 
begins to come out of the print head or around the filling hole, stop 
filling, then use th8 syringe lo extract about 1ml of ink. 

6. Refill each color by repeating the above process, making sure to 
tape over the unused refi ll holes lo prevent contamination. 

7. Verify ink flow by pressing the print head against a damp paper 
towel. The print head should leave a solid line of each color of ink on 
the towel. lf not, follow the instructions on page 30 to prime the 
cartridge. 

8. IMPORTANT: This cartridge is easy to overfill . Check for over
filling by following the instructions on page 33. 

9. Once the cartridge is refilled, tape the cartridge cover securely in 
place, re-install the cartridge, run the cleaning cycles, and print test 
pages. If print results are unsatisfactory or colm-s are incorrect, 
please read "Tn-Color Cartridge Troubleshooting" on page 28 . 

~ Troubleshooting: If you have followed the instructions carefully but 
need additional help, please review pagP-s 34-35 . 

!10~0026 (26) • A920 1 j1arno42 <BJ) • J740! !BR7904! 

rmil~Elil 
E3l9 m liE!B!I 
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Q_ .......... ~,~ ... 
...... 

Enlarge refill hole 

WARNING: Cartridge 
is easily overfilled 
(paqe 33) 
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Lexmark: 
1361400•1380620•1381400•1382050•13400HC•13620HC•17G00 
50 (50)•16G0055 (55)•12A1970 (70)•12Al975 (75) 
Compaq: 180845-001 • 337709-001•180847-001 •337714-001 
•203428-001 Brother: IN-700•LC11-BK 
Xerox: 8R7881 •8R7879 Okidata: 52109301 
Sharp: AJ-C50B Olivetti : JP4 70 • JP790 • JP795 • JP883 •84433S 

1. Read pages 4-5 for important general information that will greatly 
improve your results . 

2. Enlarge the small hole on the top of the cartridge with a 3mm drill 
bit or the included screw tool. 

3. Fill the large syringe with black ink and carefully insert the needle 
into the refilJ hole until the tip is halfway into the foam sponge. 

4. Slowly inject 10-20ml of ink. As you add ink, watch the refilJ hole 
closely. If ink begins to overflow around the refilJ hole, slop filling, 
and use the syringe to extract 1-2ml of ink. 

5. Verify ink flow by pressing the print head against a damp paper 
towel. The print head should leave a solid line of ink on the towel. If 
not, follow the instructions on page 30 to prime the cartridge. 

fi. IMPORTANT: This cartridge is easy to overfilJ. Check for over
tilling by following the instructions on page 33 . 

7. Re-install the cartridge, run the cleaning cycles, and print test 
pages. If the prints are not satisfactory, the cartridge may still be 
overfilJed. If you injected more than 15ml of ink, try removing an 
additional 2-3ml of ink and try again. 

0'Note: Do not attempL Lo print with this cartridge when it is empty 
as this could damage the print head . For best results, refilJ 
cartridges before they are empty. 

~ Troubleshooting: If you have followed the instructions 
carefully bul need additional help , please review pages 34-35. 

Free Technical Support at 3 16.6 18.3500 

astratilBC" InkJet Refill Kit InkJet Refilling Manual 

Recommended Tools - " 1 

/ ~\ 
. / __ •; ( 

✓ -- -~ # ' 

•/~/ :> · \ ~ %t: o.:._. ! . 
~-.,<J·· 
,,r·~ 

Urill filling hole 

here, 3/ 16 " from 

edge of cartridge. 

DO NUT puncture 
this vent. 

Canon: BC-01 •BC-02 •BX-2 •BX-:3 
Apple: M804 l • M8049 • M8052 Brother: !Nl 0 

1. Read pages 4-5 for important general information Lhal will greatly 
improve your results. 

2. Although these cartridges contain an original filling hole/vent, do 
not use it to refill the cartridge. Use the included 3mm drill bit to 
drill a refilJ hole at the top of the cartridge (about 3/16" from the 
edge, as shown al left) . Be sure that the rnfill hole is clean and 
smooth, as the small rubber plug must create an airtight seal once 
the cartridge is refilJed. 

3. Slowly inject 15-20ml of black ink into the newly-drilled refill hole. 

4. Seal the filling hole wilh one of thP. inducted small low-profile plugs. 
If the seal is not airtight, the cartridge will leak. lf the plug does not 
seal properly, or if the cartridge continues to leak, use strong tape 
Lo cumplele the seal. 

5. Verify ink flow by pressing the print head against a damp paper 
Lowe!. The print. hP.ad should leave a solid line of each color of ink 
on the towel. If not, follow the instructions on page 30 to prime the 
cartridge. 

6. IMPORTANT: This cartridge is easy to overfill. Check for over
filling by folJowing th e instructions on page 33. 

0 Note: For best results, refill cartridges before they are empty. Empty 
ink cartridges should be refilled promplly, as cartridges that 
are old or dry may not refill successfully. If necessary, refilled 
cartridges may be stored in a sealed plastic bag. 

9-Troubleshooting: If you have followed the instructions 
carefully but need additional help, please review pages 34-35. 
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Recommended Tools 

CL A 
,.-,,i'foa, -., • ,,..,. ' ,..,' 

~ 

BCI-21,24 
COLOR ONLY: 

Black ink 
outlet 

Remove top of 
cartridge. 

II 

I 
Yellow 

Cyan 
Magenta 

Press priming tip 
gently against ink 
outlet and inject ink 

Page 20 

Canon: BCI- 21 •BCI-24 •BCI-10 •BCI-11 DEC: LJ50X-AC 
Apple: M3330•M3329•M3908•M3909•M3910•M::l91:2•M::l91 l 

1. Read pages 4-5 for important general information that will greatly 
improve your results. 

2. To reduce the risk of ink contamination, we recommend removal of 
the cartridge top on color cartridges. Use pliers or channel-lock 
pliers to break the top off of the color cartridge. 

3. Place the cartridge with the ink outlet(s) facing up (as shown at left) 
on a flat, ink-resistant surface or on paper towels or absorbenl clolh 
in case of spills or leakage. Fill a syringe with the desir ed ink color, 
then carefully remove the needle and attach the small rubber 
priming tip (page 3). 

4. Press the priming tip gently against the ink outlet on the cartridge 
and slowly inject 2-5ml for color ink and 4-12ml for black ink. If the 
sponge is dry, it may ab sorb the ink slowly. Stop filling when the 
sponge is full and stops absorbing ink quickly or if ink leaks from 
the print head. 

5. Carefully turn the cartridge to the upright position, using a paper 
towel or absorbent cloth to absorb any ink dripping from the ink 
outlet. Hold cartridge upright until ink no longer drips from the ink 
outlet. Installing the cartridge while ink is still dripping and/or 
runn ing oul of Lhe Cdrlridge may damage the printer. NEVER 
install a leaking cartridge in your printer. 

fi. Once carlridg e is refilled, secure the cartridge cover using tape. Re
install the cartridge, run cleaning cycles and test pages. Most 
Canon printers will automatically reset ink levels. 

'.:5'Note: For best results, refill your cartridge regularly . In some cases, 
the sponge may no t absorb ink immediately. After refilling, 
allow 1-2 hours (12 hours for very dry sponges) for the sponge 
to absorb the ink. 

[!j'Refill Tip: Generic cartridges often contain more absorbent sponge 
m ateria l and may offer better r esults, with longer Lime 
between refills. 

~ Troubleshooting: If you have followed the instructions 
carefully but need additional help, please review pages 34-35. 

Free Technical Support at 3 16.6 18.3500 

as,ratilBC" InkJet Refill Kit InkJet Refilling Manual 

C1.. 

{) WARNING: Do 
not attempt to print 
wilh Lhis carlridge 
when it is empty as 
this could damage 
Lhe prinl head. Fur 
best results, refill 
cartridges before 
Lhey are empty. 

~Troubleshnnt.ing: 
If you have followed the 
instructions carefully 
but need additional · 
help, please review 
pages 34-35. 

Lexmark: 1361760•1380619 • 1382060• 13619HC • 15M0120 (20) 
•15M01 25 (25)•16G0065 (65)• 17G0060 (60)•12A1980 (80) 
•12Al985 (85)•12A1990 (90) 
Compaq: 33 7715-001•337710-001•337711-001•180846-
001 • 180848-001 • 180844-001 Brnther: IN-71 0C • LC 11-CL 
Xernx: 8R12 591 •8H.7880 •8R7882 Okidata: 52109302 
ShaTJI: AJ-C50C Olivetti : JP4 70•JP790•JP795 • JP883 •81433S 

1. Read pages 4-5 for important general information that will greatly 
improve yom- results. 

2. If this is the first refill, the cartridge top must be removed. Please 
read the instru ctions on page 32 fur instructions. 

3. Once the top has been removed, place the cartridge on p aper towels 
or absorbent cloth in case of spills or leakage, and position it 
horizontally. Select a color and fill a syringe with ink (see photos 
with color identification, below). Tape over unused filling holes to 
p rnvent ink from conlaminating the other ink colors. 

4. Carefully insert the needle into the correct filling hole until the tip is 
halfway inlu the foam sponge. 

5. Slowly inj ect 3-8ml ink. Injecting ink too quickly may trap air inside 
the cartridge. As you add ink, watch the print head closely. If ink 
b egins to come out of the print head or around the filling hole, s lop 
filling, then use the syringe to extract about 1 ml of ink. 

6. Leave the cartridge the horizontal position c1s shown below . Relill 
each color by repeating the above process, making sure to t ape over 
the unused refill holes. 

7. Verify ink flow by pressing the print head against a damp paper 
towel. The print head should leave a solid line of each color of ink 
on the towel. Tf not, follow the instructions on page 30 to prime the 
cartridge. 

8. IMPORTANT: This carlridge is easy to overfill. Check for over
filling by following the instructions on page 33. 

9. Once cartridge is refilled, secure the cartridge cover using tape. Re
install the cartridge, run cleaning cycles and test pages. If print 
results are unsatisfactory or colors arc incorrect, please read "Tri
color Carlridge Troubleshooting" on page 28. 

Cyan Magenta 

Standard Colors 

Photo Black Photo 
Cyan ~ Magenta 

!Photo 12A1990 (90), 1361760! 
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..... ---" 
Ail ■ 

Drill refill hole here 
(immediately below 
plastic ball bearing) 

using 3 mm bit. 

Use a rubber sealing 
pad to cover the outlet 
while filllng. This will 
hP.lp pnwent. leaks. 
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Canon: BC-30/BC-30e•BC-31/BC-31e•BCI-3Bk/BCI-3eBk•I3CI-
3C/BCI-3eC • BCI-3M/BCI-3eM • l::\Cl -3Y/BCl-3eY • BCI-3PC/3PM • BCI-
5Bk • BCI-5C/BCI-5M/BCI-5Y• BCI-6Bk • BCI-6C/BCI-6M/BCI-6Y• BCI-
6PC/BCI-6PM • BCI-8Bk• BCI-8C/BCI-8M/BCI-8Y • BJI-201 Bk(HC)• BJI-
201 C/BJI-201 M/BJI-201 Y 
Apple: Ml 949•Ml 950 • Ml 951 •Ml 952 • M3822 • M3852 

1. Read pages 4-5 for important general information that will greatly 
improve your results. 

2. Cover the outlet hole with tape or with one of the included rubber 
sealing pads, maintaining pressure against the sealing pad to 
prevent leaks during refilling. 

3. Drill a 3mm refill hole where indicated (image, left) with the 
included drill bit. Be sure that the refill hole is clean and smooth, as 
the small rubber plug must create an airtight seal once the cartridge 
is refilled. 

§:fNote: You may avoid drilling a refill hole if you are able to remove 
the plastic ball bearing using the screw tool. The ball bearing 
is located under the label where the word "push" is p r inted. If 
you are successful, you must use a large plug to reseal the 
hole, as the small plug will not be large enough lo make an 
adequate seal. 

4. Inject the appropriate color of ink into the ink reservoir until it is 
full. 

5. Seal the refill hole with a small rubber plug. If the seal is not 
airtight, the cartridge will leak. If you did not use a 3mm drill bit, if 
the plug does not seal properly, or if the cartridge continues to leak, 
use hot glue instead of a p lug to seal the refill hole. Do NOT use 
tape. 

6. Let the cartridge sit until it is no longer dripping ink. Re-install the 
cartridge, run the cleaning cycles, and print test pages. NEVER 
install a leaking cartridge in your printer. 

l!fNote: Fur besl resulls, refill cartridges before they are empty. 

~ Troubleshooting: If you have followed the instructions 
carefully but need additional help, please review pages 34-35. 

Free Technical Support at 316.618.3500 

•s1,atilec® InkJet Refill Kit Ink] et Refilling Manual 

Recommended Tools ,._. 
Remove plug and 
refll l through hole 

Canon: BC-20 •BC-23 Apple: M3240 Panasonic: (various) 

1. Read pages 4-5 for impor tant general information that will greatly 
improve your results. 

2. These cartridges have a plug on the top of the cartridge that must 
be removed (see image, left). Press the included screw Luo! into the 
plug and turn clockwise until the tool is secured in the plug and 
you are able to pull the plug out. 

3. Carefully insert th e needle into the refill hole until the tip is halfway 
in to the foam sponge. This ensures that the ink is injected near the 
bottom of the sponge so the air above the ink can escape. 

4. Slowly inject 20-30ml of ink. 

5. Seal the r efill hole wilh a large rubber plug. 

b. Verify ink flow by pressing the print head against a damp paper 
towel. The print head should leave a solid line of ink on the towel. If 
not, follow the instructions on page 30 to p rime the cartridge. 

7. IMPORTANT: This cartridge is easy to overfill. Check for over·
fill ing by following the instructions on page 33. 

8. Re-install the cartridge, run the cleaning cycles, and print test 
pages. 

[5Note: For best results, refill cartridges before they are empty. 
Empty ink cartridges should be refilled promptly, as cartridges 
that are old or dry may not refill successfully. If necessary, 
refilled cartridges may be stored in a sealed plastic bag. 

~ Troubleshooting: If you have followed the inst ructions 
carefully but need additional help, please review pages 34-35. 
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