NCAT - National Center for Advanced Technology

National Vehicle and Fuel Emissions Laboratory
Office of Transportation and Air Quality
U.S. Environmental Protection Agency

The following presentation material was prepared by FEV Engine
Technology under EPA Contract EP-C-12-014 and describes the test
procedures performed by FEV on the 845RE transmission. Use of any
NCAT material provided below, included as part of the complete test
data package, should reference the suggested citation provided.

SUGGESTED CITATION: 2014 FCA HFE 845RE Transmission Mapping —Test
Data Package. Version 2019-04. Ann Arbor, MI: US EPA, National Vehicle and
Fuel Emissions Laboratory, National Center for Advanced Technology, 2019.
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EPA did not request a final report for this task; this presentation serves as documentation of
completion for this work assignment. Further information on this project is contained in the
SAE paper 2016-01-1142 "Investigating the Effect of Advanced Automatic Transmissions."
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Contract No. EP-C-12-014, Work Assignment 3-11 .

Ram HFE 8-Speed — Benchmark vay4, 2015 g
Project Overview n

1. Evaluation of transmission control strategy in vehicle
— Analysis of solenoid control signals during driving maneuvers on road
— Evaluation of solenoid shift logic for driving in gear and coasting in neutral
— Determination of main line pressures as basis for bench testing
2. Transmission spin loss evaluation under defined conditions on test bench

— Analysis of parasitic losses by applying the control strategy developed for loaded efficiency
testing

3. Transmission efficiency evaluation under defined conditions on test bench

— Implement transmission controls observed in vehicle to control transmission on test bench
— TCM not included in controls in order to not be limited to hard-coded range of operation

— Assess transmission efficiency at various loads, speeds, and temperatures
4. Transmission neutral coast down evaluation under conditions observed in the vehicle

— Simulation of vehicle coast down event in N on test bench
— Using the solenoid logic published for the 845RE
— Using the solenoid observed in-vehicle

5. Transmission inertia evaluation under defined conditions on test bench
— Evaluation of inertia of each gear, including neutral, through multiple acceleration rates
6. Transmission oil pump efficiency evaluation under defined conditions on test bench
— Evaluation of oil pump characteristic in modified test bench setup
— Evaluation of pump chain drive losses with de-vaned oil pump

FEV



Ram HFE 8-Speed — Benchmark
Transmission Specifications

Transmission Model:

Max Speed:

Min ldle Speed:

Max Speed in 8" Gear:
Transmission Weight:
Fluid Capacity:

Gear Ratios:

I I I N R Wy O

U

Ratio Spread:
Vehicle Application:

U

Maximum Engine Power/Torque:

Contract No. EP-C-12-014, Work Assignment 3-11
May 4, 2015 .

845RE (8HP45)
250kW/450Nm
7200rpm
550rpm
5700rpm

80kg (wet)

oL

4.717, 3.143, 2.106,
1.667, 1.285, 1.000,
0.893, 0.667, -3.295

7.071

Chrysler 300, Dodge
Charger, Ram 1500

FEV



Ram HFE 8_Speed _ Benchmark Contract No. EP-C-12-014, WorkAssig']\:g;e:t;(;ié

. e []
Transmission Specifications

Clutch E Gearset 1 Brake B
Gearset 2 -
Clutch C . Brake A
Gearset 3
Clutch D
Gearset 4
Converter
' NW235
Housing (for 8HP45)

(one piecéw\ ’ =

Vane-type pump
with chain drive

Plastic oil pan

Mechatronic

IFEV



Ram HFE 8-Sp66d _ Benchmark Contract No. EP-C-12-014, WorkAssiglqvlr;rll;n/e‘{],t2361;>

. o . H
Vehicle Investigation — Instrumentation

Q FEV investigated requirements for transmission line pressure instrumentation

O Line pressure tap installed by adding internal tap to oil pump discharge tube
with extension to the outside of the transmission for attachment of pressure
transducer

4 | Pump outlet
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Ram HFE 8_Speed _ Benchmark Contract No. EP-C-12-014, WorkAssi?vrrg/e:tZ:%ié
Vehicle Investigation — Instrumentation

O FEV instrumented the transmission shift solenoids using hall-effect sensors

O Solenoid actuation logic was collected for gear selection and during neutral
coast down maneuver

O FEV used observed solenoid logic to select gears on test bench

= -
Solenoid #7 Solenoid #5  “~ Solenoid #3 Solenoid #1
b ’\\‘\‘

|y ¢

\TH

-
,.,4.“" - —

- : Sol 1- On/off
SO|:2 =Line
Sol 3=TCC

oring _ Sol_4=Clutch C
e — ‘ ; Sol_5=Clutch E

= J Sol_6=Brake B

’ Sol_7 =_Clutch D

S Sy Sol_8 =Brake A

| Solenoid#8 | Solenoid #6 | Solenoid #4 Solenoid #2

Z ___..._.___..__

NNNNNNN
YNNG (166
JDOOONLD

) 8 V]

IFEV



Ram HFE 8-Speed _ Benchmark Contract No. EP-C-12-014, WorkAssigI:]\/rlg\/e‘:tzS(;ié
Vehicle Investigation — Test Procedure

O Transmission Strategy & Line Pressure Assessment (In-vehicle)
O Vehicle instrumented to measure:
O Line pressure
O External port for line pressure
O Solenoid actuation
O Torgue converter clutch state
O Via TISS monitoring or TCC state via CAN
O Engine torque
4 Via CAN or PID
O Line pressure assessment measurements:
O Range of speeds/loads/gears to cover test bench target matrix

[ Utilize chassis dyno and manual shift feature to hold transmission in gear
and apply load

U Operator set engine speed/load by adjusting the accelerator position

FEV



Contract No. EP-C-12-014, Work Assignment 3-11
Ram HFE 8-Speed — Benchmark May 4, 2015 :
Vehicle Investigation — Vehicle Results x

O Solenoid activation and polarity was instrumented and mapped
O Vehicle results were confirmed to match published gear configurations
O Line pressure was mapped to be used in subsequent evaluations

http://www.motor.com/newsletters/20121010/WebFiles/MMM_ZF 8HP_Tranny.pdf IEE
r-i= M




Ram HFE 8-Speed — Benchmark

Contract No. EP-C-12-014, Work Assignment 3-11

May 4, 2015 []
Vehicle Investigation — Vehicle Results n
O Line pressure was mapped to be used in subsequent evaluations
O All gears were tested at all loads
Torque [Nm] Torque [Nm] Torque [Nm] Torque [Nm]

1st 25 50 75 | 100 | 150 | 200 | 250 2nd 25 50 75 | 100 | 150 | 200 | 250 3rd 25 50 75 | 100 | 150 | 200 | 250 4th 25 50 75 | 100 | 150 | 200 | 250

500 5252|5259 77 500 52152 |52]|52]|59]| 71 500 5252|5259 76| 93109 500 52|52 |52]|52|57] 70| 83

750 52|52 |52|59]| 77 750 5252|152 |52]|59]| 71 750 52|52 |52(59]| 76| 93]109 750 52|52 |52|52]|57]| 70| 83

1000 | 5.2 | 52| 52|59 ]| 7.7 1000 | 52 52|52 |52|59]| 71 1000 | 5.2 | 52 | 52|59 ]| 76| 9.3 109 1000 | 52 (52| 52| 52| 57| 70| 83
E 1250 | 5.2 | 52| 52| 59| 7.7 g 1250 | 5.2 | 52| 52| 52|59]| 7.1 g 1250 | 5.2 | 52 (52| 59| 76 | 9.3 | 10.9 g 1250 | 5.2 | 52| 52| 52| 57| 70| 8.3
2l 1500 | 5.2 | 52| 52| 59| 7.7 2] 1500 | 5.2 (52| 52|52 (59| 7.1 el 1500 | 5.2 | 52 | 52|59 | 76|93 ]109]2] 1500 ) 5.2 | 52| 52| 52|57 70] 8.3
g 1750 | 5.2 | 52| 52| 59| 7.7 g 1750 | 52 (52| 52| 52|59]| 7.1 g 1750 | 52 | 52 | 52| 59| 76 | 9.3 |10.9 g 1750 | 52 (52| 52| 52| 57| 70| 83
8 2000 | 5.2 | 52|52 ]| 59| 77 g 2000 | 5.2 | 52| 52|52]|59|71 g 2000 | 5.2 [ 52|52 |59 ]| 76| 93 |10.9 g 2000 | 5.2 | 52| 52| 52]|57]| 70| 83
n]| 2500 | 5.2 | 52|52 ]|59| 77 n] 2500 )| 5252|5252 60]| 71 »n| 2500 | 5.2 | 52|52 |59]| 76|93 [109]|v] 2500 | 52|52 | 52|52 |57 70] 83

3000 | 52| 52(|52]|59| 77 3000 | 51]51[51]51(|58] 6.9 3000 | 52 | 52| 52|59 (76| 93109 3000 | 52| 52|52 ]|52[57]| 70| 86

4000 | 5.2 | 52|61]|66]| 79 4000 | 5.1 |1 51|54)|158|68]| 75 4000 | 5.1 154|159 667999114 4000 | 5.1 |1 51|53|59|68]| 76| 8.6

5000 | 59| 66| 71| 76| 84 5000 | 6.0 6.1 | 6.6 5000 | 60| 66 | 69| 76 | 85 5000 | 60| 6.1 | 64| 68| 76| 83] 9.2

Torque [Nm] Torque [Nm] Torque [Nm] Torque [Nm]

5th 25 50 75 | 100 | 150 [ 200 | 250 6th 25 50 75 | 100 [ 150 | 200 | 250 7th 25 50 75 | 100 [ 150 | 200 | 250 8th 25 50 75 | 100 [ 150 | 200 | 250

500 52| 52]|52|52]|63| 76| 86 500 52 152|62] 7399117135 500 53 [53[53]|54]|68]|83]9.2 500 53|153[53|53]|60]| 7.2 8

750 52|52 |52|52]|]63| 76| 86 750 525262 73] 99|11.7|135 750 531 53|53|[54|68]83] 92 750 53[53]153|53|]60]| 72 8

1000 | 52| 52| 52| 52| 63| 76| 8.6 1000 | 5.2 | 52| 6.2 | 73] 9.9 |11.7|135 1000 | 53 | 53 [ 53| 54|68 (83| 9.2 1000 | 53| 53| 53| 53| 60| 7.2 8
= 1250 | 52| 52| 52| 52| 63| 76| 8.6 = 1250 | 5.2 | 52| 68| 74| 9.7 |11.7]| 135 = 1250 | 53 | 53 [ 53| 54| 68| 83| 9.2 = 1250 | 53| 53| 53| 53| 60| 7.2 8
el 1500 | 5.2 | 52| 52|52 63| 76|86]2] 1500 | 53 (54|64 | 74|99 |11.7|135|2] 1500 | 5.3 [ 53| 53| 54 [ 6883|922 1500 | 53| 53|53 (53] 60| 7.2 8
g 1750 | 5.2 52| 52 ([52]| 63| 76| 86 g 1750 | 53| 54| 6.3 | 76 |10.0|11.7| 135 g 1750 | 5.3 |1 53| 53| 54| 6.8 | 83| 9.2 g 1750 | 53| 53| 53| 53| 59| 7.2 8
g 2000 | 52| 52| 52| 52|63]| 76| 86 g_ 2000 | 52| 5263|7699 ]11.7|135 g_ 2000 | 52 | 52 | 52| 55|67 ]83] 9.2 g_ 2000 | 52| 52| 52| 52|59 72 8
»n] 2500 | 5.2 52]|52|52]|63|76|86|vw] 2500]| 52|52]62|73]99([11.7|135|w| 2500 | 52 | 52|52 |54 ]| 67| 83| 9.2 |»n] 2500

3000 | 5.2 |52 |52|52| 63| 76| 86 3000 | 5.2 |52 |6.2| 73]10.1|11.7]|135 3000 | 51 [51|51]53|65]|83]|9.2 3000

4000 | 51152555969 79|90 4000 | 5.2 | 52| 6.2 | 73|99 |11.7|135 4000 4000

5000 5000 5000 5000

FEV
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Ram HFE 8-Speed — Benchmark
Bench Testing — Test Bench Setup

Control

Sump Temperature

Absorber

Speed 2

Torque 2

Torque 1

Contract No. EP-C-12-014, Work Assignment 3-11

Speed 2

Oil Sump Temp

Input Dyno

ITest
System

May 4, 2015

FEV
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Ram HFE 8-Speed — Benchmark
Bench Testing — Spin Loss

d

Bench Test Temperature Evaluation

O Gear 1 through 8

Contract No. EP-C-12-014, Work Assignment 3-11

O Torque converter clutch locked for all tests
O Transmission run at constant input speeds:

O 30 mph, 60 mph

O External heating of OEM transmission cooler was used to induce extra heating
O Results determined test operating temperatures:

4 35°C, 60°, 100°C

30 mph, 5th Gear, 1320 rpm Transmission Input Speed

50 120
45 108
40
— 35 84 E
H &
o
% 30 72
=
E w
|- 0 '
8 @
220 8
E
B
=15 36

-
o

i

=

/

o
=

1] 5 10 15 20 25 Eli] 35 40
Time [min]

——Input Torque [Nm]

=—Sump Temperature ["C

May 4, 2015 .
60 mph, 5th Gear, 2640 rpm Transmission Input Speed
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Ram HFE 8-Speed — Benchmark
Bench Testing — Spin Loss

d Spin Loss Measurements
O Gear 1 through 8

O Torque converter clutch locked for all tests

Q Input loads (1):

U Unloaded (output disconnected) Nm

O Input speeds (11):

Contract No. EP-C-12-014, Work Assignment 3-11

May4,2015

4 500, 750, 1000, 1250, 1500 1750, 2000, 2500, 3000, 4000, 5000 rpm

O Transmission oil temperatures (3):
d 35°C, 60°C, 100°C

O Transmission line pressure (variable):
O Unique line pressure per each speed/gear as measured in-vehicle in

unloaded condition

Gear

engine speed
[rpm]

Output
Speed
[rpm]

Turning
Torque
[Nm]

main line
pressure
[bar]

500

5.2

750

5.2

1000

5.2

1250

54

1500

5.4

1750

5.4

2000

5.4

2500

54

3000

5.3

4000

5.3

5000

6.0

FEV
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Ram HFE 8-Speed _ Benchmark Contract No. EP-C-12-014, WorkAssiﬁgeztziaéié
Bench Testing — Spin Loss

Spin Loss — Test Setup

Output Speed Modified OEM Input (Drive)
Sensor (laser) Transmission - Dynamometer

PWM Control
Harness

Auxiliary Sump Oil Input Torque Meter
Heating/Cooling

Circuit FEI_V




Contract No. EP-C-12-014, Work Assignment 3-11

Ram HFE 8-Speed — Benchmark vay4, 2015 g

Bench Testing — Spin Loss

Turning Torque [Nm]

20

18

16

[]
min. [NM] :

4.7
max. [NM]

845RE Spin Loss Results, 35°C

12.6

avg. [NM] :

NOTE: Speed limited stop point (vehicle governed to 102 mph)
7.1

—e—1st, 35°C
——2nd, 35°C

3rd, 35°C
—a—4th, 35°C
—o—5th, 35°C

——6th, 35°C

7th, 35°C
——28th, 35°C

- =N, 35°C

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Input Speed [rpm] FEM
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Contract No. EP-C-12-014, Work Assignment 3-11

Ram HFE 8-Speed — Benchmark vay4, 2015 g

Bench Testing — Spin Loss

Turning Torque [Nm]

20

18

16

14

[]
min. [NM] :
3.7
max. [NM]

845RE Spin Loss Results, 60°C

11.1

avg. [NM] :

5.8

—e—1st, 60°C

——2nd, 60°C

3rd, 60°C
—s—4th, 60°C

—o—5th, 60°C

——6th, 60°C
7th, 60°C
——28th, 60°C

- =N, 60°C

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Input Speed [rpm] FEM
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Contract No. EP-C-12-014, Work Assignment 3-11

Ram HFE 8-Speed — Benchmark Vay4,2015 g

Bench Testing — Spin Loss

Turning Torque [Nm]

20

18

16

14

12

10

[]
min. [NM] :
3.0
max. [NM]

845RE Spin Loss Results, 100°C

10.8

avg. [NM] :
5.1

—e—1st, 100°C

——2nd, 100°C

3rd, 100°C
—s=—4th, 100°C

—o—>5th, 100°C

——~6th, 100°C
7th, 100°C

——8th, 100°C

- = N, 100°C

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Input Speed [rpm] FEM
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Ram HFE 8-Speed _ Benchmark Contract No. EP-C-12-014, WorkAssigl;iArg;eEtz?,(;ié

H
Bench Testing — Spin Loss x
845 RE Spin Loss Results
Averaged over all Gears and Speeds

E

Z

S

S

) —-35°C

2 ——60°C

= ——100°C

3

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Input Speed [rpm] FE I_V
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Ram HFE 8-Speed _ Benchmark Contract No. EP-C-12-014, WorkAssigl;iArg;eEtz?,(;ié

H
Bench Testing — Spin Loss x
845RE Neutral Spin Loss
Input Shaft Driven

E

Z,

S

S

kS ——35°C

S —~—60°C

€ —-100°C

3

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Input Speed [rpm] FE I_l/
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Ram HFE 8-Speed _ Benchmark Contract No. EP-C-12-014, WorkAssi?\;lqgezt;éié :
Bench Testing — Spin Loss n

d Test Summary

O Spin losses were recorded for 35°C, 60°C and 100°C

U Depending on test temperature, the losses range from 3.0 Nm to 12.6 Nm

O In almost all gears, increased losses between 500 rpm and 1,500 rpm indicate
the influence of open clutch drag losses

U The losses observed on the 845RE can be considered ‘below average’ when
compared to similar transmissions

FEV
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Ram HFE 8-Speed — Benchmark

Bench Testing — Loaded Efficiency

1 Loaded Efficiency Measurements
O Gear 1 through 8
O Torque converter clutch locked for all tests
O Input loads (7):

4 25, 50, 75, 100, 150, 200, 250 Nm

O Input speeds (11):
d 500, 750, 1000, 1250, 1500 1750, 2000, 2500, 3000, 4000, 5000 rpm
O Transmission oil temperatures (3):

4 35°C, 60°C, 100°C

O Transmission line pressure (variable):
O Unique line pressure per each speed/load/gear as measured in-vehicle

Torque [Nm]

Torque [Nm]

Torque [Nm]

Contract No. EP-C-12-014, Work Assignment 3-11

Torque [Nm]

1st | 25 | 50 | 75 | 100 | 150 | 200 | 250 2nd | 25 | 50 | 75 | 100 | 150 | 200 | 250 3rd | 25 | 50 | 75 | 100 | 150 | 200 | 250 4th | 25 | 50 | 75 | 100 | 150 | 200 | 250
500 | 52 |52|52|59[77 500 | 52 |52|52|52|59([71 500 | 52 |52|52[59|76]93]109 500 | 52 |52|52|52|57[70]83
750 | 52 |52|52|59[77 750 | 52 |52]|52|52|59([71 750 | 52|52 |52[59(76]93]109 750 | 52 |52|52|52|57[70]83
1000 | 52 [ 52|52 [59]| 77 1000 | 52 | 52|52 ]|52[59]|71 1000 | 52 | 52 |52 |59 | 76| 93109 1000 | 5.2 [ 52| 52|52 | 57| 70183
| 1250 | 52 [ 52|52 (59| 77 T 1250 | 52 | 52| 52|52 (59|71 = 1250 | 52 | 52 | 52|59 | 76| 93 |109 = 1250 | 5.2 [ 52| 52|52 | 57| 70183
2 1500 | 52 (52|52 (59|77 21500 | 52 [52)52(52]|59]71 2 1500 | 52 [ 52 (52 [59[76(93[109|2| 1500 52 [52]|52[52]|57[70]83
g 1750 | 52 | 52|52 |59 (77 g 1750 | 52 (52|52 |52 5971 g 1750 | 52 | 52 | 52 |59 [ 76 | 9.3 [109 g 1750 | 52 | 52|52 |52 (57| 70] 83
©[ 2000 52 |52[52|59]|77 ©[ 2000 | 52 |52[52]52]|59|71 @[ 2000} 52 |52 |52 |59]|76]|093/109|2|2000(52|62|52|52]57]|70]83
0| 2500 | 52 | 52|52 ]| 59|77 »n| 2500 | 52 | 52 |52|52[60] 71 »n] 2500 | 52 | 52 | 52|59 | 76|93 [109|»"| 2500 | 52 | 52|52 |52 |57 ]| 7083
3000 | 52 [ 52|52]|59]|77 3000 | 51 [51]51)51](58]6.9 3000 | 52 | 52|52 |59]|76]93][10.9 3000 | 52|52 |52|52[57]|70] 86
4000 | 5.2 | 52 [ 61| 66|79 4000 | 51 | 51[54|58|68]|75 4000 | 5.1 | 54 (59 (667999 |114 4000 | 51 |51|53[59]|68)|76]|86
5000 | 59 66| 71| 76|84 5000 | 60| 6.1 | 6.6 5000 | 60 [ 66 | 69 | 7.6 | 85 5000 | 6.0 | 6.1 |64 [68] 76| 83|92
Torque [Nm] Torque [Nm] Torque [Nm] Torque [Nm]
Sth | 25 | 50 | 75 | 100 | 150 | 200 | 250 6th | 25 [ 50 | 75 | 100 | 150 | 200 | 250 7th [ 25 | 50 [ 75 | 100 [ 150 | 200 | 250 8th | 25 | 50 | 75 | 100 | 150 | 200 | 250
500 | 52 |52|52|52|63[76]86 500 | 52 |52)|62]|73[99[11.7|135 500 | 53 |53|53|54(68]|83]09.2 500 | 53|53|53|53[60[72] 8
750 | 52|52 |52|52[63]| 76|86 750 | 52|52 |62 73]99]11.7[135 750 | 53 [53]53]|54]|68]83]092 750 | 53| 53[53]|53[60]72 8
1000 | 52 [ 52| 52| 52| 63|76 86 1000 | 5.2 | 52| 62| 73] 99 |11.7[135 1000 | 53 | 53 [ 53 [ 54 [6.8 8392 1000 | 53 [ 53 [ 53|53 ]| 6.0 72 8
el 1250 |52 |52|52(52|63)|76|86|g[1250)52[52]|68]|74][97]|11.7|135|¢)| 125053 |53 |53 |54 (68 |83)|92|F[1250]|53[53)|53[53[60]|72]| 8
2| 1500 | 52 |52 [52|52|63|76[86|2| 1500 | 53|54 |64(74[99[11.7|135|2| 1500 |53 |53 |53 |54 (68 |83)92([2| 1500 53)|53|53[53[60]|72)| 8
E 1750 | 52 | 52|52 |52 (63|76 86 E 1750 | 53 [ 54| 63| 7.6 |10.0[11.7[135 ° 1750 | 53 | 53 |53 |54 (688392 F) 1750 | 5315353 |53 [59[72]| 8
o 2000 | 52 [ 52|52 [52]|63|76]86 4 2000 | 52 [ 52| 63| 76]99[11.7|135 14 2000 | 52 [ 52 | 52 | 55|67 ]83]92 @ 2000 | 5.2 [ 52|52 [52|59]| 72 8
»n| 2500 | 52 [ 525252 [63]|76]|86]|"| 2500 | 52|52]|62]|73[99]11.7|135|n| 2500 | 52 [ 52 |52 54| 6.7 | 83| 9.2 |»| 2500
3000 | 52 |52|52|52[63|76] 86 3000 | 52 |52|62](73[101]11.7|135 3000 | 51 (51|51)|53]|65]83]92 3000
4000 | 5.1 | 52 [55[59]69]|79](90 4000 | 5.2 | 52 [ 62| 73|99 |117|135 4000 4000
5000 5000 5000 5000

May4,2015

FEV
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Ram HFE 8-Speed — Benchmark

Bench Testing — Loaded Efficiency

Loaded Efficiency — Test Setup

Eddy Current
Dynamometer
(Output/Absorber)

Output Torque Meter

Contract No. EP-C-12-014, Work Assignment 3-11
May 4, 2015 .

PWM Control

3

Harness

Modified OEM
Transmission
Cooler

Auxiliary Sump Oil
Heating/Cooling
Circuit

Input Torque
Meter

Input (Drive)
Dynamometer

IFEV
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Ram HFE 8'Speed _ BenCh mark Contract No. EP-C-12-014, Work Assiﬁgezt;(;ié .
Bench Testing — Loaded Efficiency B

Influence of Temperature and Load on Efficiency
(Averaged Over All Gears and Speeds)

110

100

o
o

80

70

—35°C
—60°C
—100°C

60

50

40

30

Transmission Efficiency [%]

20
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0 S50 100 150 200 230 300
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Contract No. EP-C-12-014, Work Assignment 3-11

H
Ram HFE 8-Speed — Benchmark vay4, 2015 g

Bench Testing — Loaded Efficiency

H
1st Gear, Eff. vs. Load, 35°C Oil Temp.
100
Min. eff. [%)]:
95
59.6
90 o,
g Max. eff. [%]:
S 85 944
c
2 80 Avg. eff. [%]:
TR 86.7
s 70 ——500
(7))
n ——750
E 65 —-1000
- -—1500
- ——1750
——2000
50 —~2500
-~3000
45 -—-4000
= 5000
40
50 100 150 200 250 300
Load [Nm] FE[V
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Contract No. EP-C-12-014, Work Assignment 3-11

H
Ram HFE 8-Speed — Benchmark vay4, 2015 g

Bench Testing — Loaded Efficiency

Transmission Efficiency [%)]

100

95

90

85

80

75

70

65

60

55

50

45

40

2nd Gear, Eff. vs. Load, 35°C Oil Temp.

Min. eff. [%]:
57.8
Max. eff. [%)]:
94.5
Avg. eff. [%]:
87.9

——500
——750
——1000
-a-1250
——1500
——1750
—=2000
2500
———3000
——4000
= 5000

50 100 150 200 230 300

Load [Nm] FE[V
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Contract No. EP-C-12-014, Work Assignment 3-11

H
Ram HFE 8-Speed — Benchmark vay4, 2015 g

Bench Testing — Loaded Efficiency

[]
3rd Gear, Eff. vs. Load, 35°C Oil Temp.
100 _
Min. eff. [%)]:
95
65.7
90 .
= Max. eff. [%]:
=~ 85
> 95.7
5 8 o
G Avgq. eff. [%]:
£ 75
i 89.6
c
2 70 ——500
7] ——730
g & —-1000
e 60 —=—1250
©
= -—1500
55 —=—1750
——2000
50 —~2500
—~3000
45 ~—4000
= 5000
40

50 100 150 200 230 300

Load [Nm] FE[V
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Bench Testing — Loaded Efficiency
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Bench Testing — Loaded Efficiency

H
5th Gear, Eff. vs. Load, 35°C Oil Temp.
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: . H
Bench Testing — Loaded Efficiency x
6th Gear, Eff. vs. Load, 35°C Oil Temp.
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Bench Testing — Loaded Efficiency

7th Gear, Eff. vs. Load, 35°C Oil Temp.
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Bench Testing — Loaded Efficiency

8th Gear, Eff. vs. Load, 35°C Oil Temp.
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: . H
Bench Testing — Loaded Efficiency x
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Bench Testing — Loaded Efficiency
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Bench Testing — Loaded Efficiency

H
1st Gear, Eff. vs. Load, 60°C Oil Temp.
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Bench Testing — Loaded Efficiency

[
2nd Gear, Eff. vs. Load, 60°C Oil Temp.
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Bench Testing — Loaded Efficiency

|
3rd Gear, Eff. vs. Load, 60°C Oil Temp.
100 _
Min. eff. [%)]:
95
68.4
90 .
= Max. eff. [%]:
— g5
> 95.9
o 80 o/1-
3 Avg. eff. [%]:
5 7S 90.9
c
_% 70 ——500
wn ——/50
g —.-1000
e 60 —=—1250
I‘_.‘.’ ——1500
55 —=1750
——2000
50 -1=2500
--3000
45 —o—4000
= 5000
40
50 100 150 200 250 300
Load [Nm] FE[V

36



Contract No. EP-C-12-014, Work Assignment 3-11

H
Ram HFE 8-Speed — Benchmark vay4, 2015 g

Bench Testing — Loaded Efficiency

|
4th Gear, Eff. vs. Load, 60°C Oil Temp.
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Bench Testing — Loaded Efficiency B
5th Gear, Eff. vs. Load, 60°C Oil Temp.
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: . H
Bench Testing — Loaded Efficiency x
6th Gear, Eff. vs. Load, 60°C Oil Temp.
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: . H
Bench Testing — Loaded Efficiency x
7th Gear, Eff. vs. Load, 60°C Oil Temp.
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: . H
Bench Testing — Loaded Efficiency x
8th Gear, Eff. vs. Load, 60°C Oil Temp.
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Bench Testing — Loaded Efficiency x
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Bench Testing — Loaded Efficiency

|
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: . H
Bench Testing — Loaded Efficiency x
1st Gear, Eff. vs. Load, 100°C Oil Temp.
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Bench Testing — Loaded Efficiency x
2nd Gear, Eff. vs. Load, 100°C Oil Temp.
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Bench Testing — Loaded Efficiency x
3rd Gear, Eff. vs. Load, 100°C Oil Temp.
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Bench Testing — Loaded Efficiency x
4th Gear, Eff. vs. Load, 100°C Oil Temp.
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Bench Testing — Loaded Efficiency x
5th Gear, Eff. vs. Load, 100°C Oil Temp.
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Bench Testing — Loaded Efficiency x
6th Gear, Eff. vs. Load, 100°C Oil Temp.
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Bench Testing — Loaded Efficiency x
7th Gear, Eff. vs. Load, 100°C Oil Temp.
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Bench Testing — Loaded Efficiency x
8th Gear, Eff. vs. Load, 100°C Oil Temp.
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Bench Testing — Loaded Efficiency
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Bench Testing — Loaded Efficiency
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Bench Testing — Loaded Efficiency
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Bench Testing — Loaded Efficiency

3rd Gear, Eff. vs. Load, 60°C Oil Temp.
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Bench Testing — Loaded Efficiency x
3rd Gear, Eff. vs. Load, All Oil Temps, 1250 RPM
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Bench Testing — Loaded Efficiency

3rd Gear, Eff. vs. Load, All Oil Temps, 1500 RPM

100 .
Min. eff. [%)]:
95 —— —0
f 69.3
90
< //// Max. eff. [%]:
— 85
& -// / 95.6
S 80 )
S // Avg. eff. [%]:
£ 75
T 90.4
S 70
.g 65 ——Amb.
z
-
95
60°C
S50
45 Graph includes measurements at .
ambient temperature -+-100°C
40

0 50 100 150 200 250 300

Load [Nm] FEM

57



Ram HFE 8'Speed _ BenCh mark Contract No. EP-C-12-014, Work Assiﬁglezt;éié
Bench Testing — Loaded Efficiency

3rd Gear, Eff. vs. Load, All Oil Temps, 1750 RPM
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Bench Testing — Loaded Efficiency

3rd Gear, Eff. vs. Load, All Oil Temps, 2000 RPM
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Bench Testing — Loaded Efficiency n

d Test Summary

O The transmission efficiency was measured at 35°C, 60°C and 100°C
L Depending on test temperature, the losses range from 57.8% to 96.2 %

O The efficiency was measured at transmission main line pressures as observed
in the vehicle

O The efficiency results observed on the 845RE can be considered ‘average’
when compared to similar transmissions

FEV
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Bench Testing — Neutral Coast Down

O Neutral Coast Down (Input and Output Driven)
O Gear: Neutral
L Torque converter clutch state: as observed in vehicle during neutral coast down
O Input speed (1):
0 675 rpm — equivalent to vehicle idle speed
O Output speeds (9):
O 171, 341, 683, 1024, 1366, 1707, 2048, 2390, 2731 rpm — equivalent to 5-
80 mph
O Transmission oil temperatures (3):
d 35°C, 60°C, 100°C
O Transmission line pressure (variable):
O Unique line pressure as measured in-vehicle during neutral coasting

FEV

61



Ram HFE 8-Speed _ Benchmark Contract No. EP-C-12-014, WorkAssigl:]vrl1£e£t23(;E
Bench Testing — Neutral Coast Down
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Sol_5, Clutch E Contract No. EP-C-12-014, Work Assignment 3-11

Ranyikg 8zSpeed — Benchmark vy 42015
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0- 0- -5- 0- ! ‘ \ ! I ‘ T ‘ T ‘ T ! ‘ ‘ 5
o !l | 60 80 100 ! 120 140
Observed Neutral Clutch Logic : : AI l l I .I . . I I B . .vle_SIow [s] : A I . . I
Observed Neutral Solenoid Logic AI CDE II CDE I BCDE AI CDE
Published Neutral Solenoid Logic ABCDE ABCDE ABCDE ABCDE
Published Neutral Clutch Logic AB . . I AB . . I AB . . I AB . . I
O Vehicle behavior does not represent the published solenoid sequence for Neutral
O Vehicle turns operates brakes A and B depending on vehicle speed:
0 50 - 37.5 mph: Brake A closed, all others open Closed/energized
Q 37.5 mph — 30 mph: All brakes and clutches open B Open/de-energized
O 30 mph — 7.5 mph: Brake B closed, all others open IEEIV
[ (=
O Below 7.5 mph: Brake A closed, all others open
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Ram HFE 8-Speed — Benchmark
Bench Testing — Neutral Coast Down

30mph Neutral Coastdown, Start/Stop On

Sol 1,
Sol_2,
Sol_3,
Sol 4,
Sol_5,
Sol_6,
Sol 7,
Sol_8,

On/Off
Line
TCC
Clutch C
Clutch E
Brake B
Clutch D
Brake A

Observed Neutral Solenoid Logic

2200
2000 i
1800 :
1600 :
1400 ]

1200
1000 :
800 ]
600 ]

Turbine speed (n_t_v) [RPM]

400

200

0,

Current Gear

Throttle Pedal Pos [%)]
[=Y
[¢)]
1

35+

30

N
a1
|

N
o
|

=
o
|

Engine RPM

Contract No. EP-C-12-014, Work Assignment 3-11
May 4, 2015 .

[Activity]

Sol_1-8

O

BECDE BBCDE ABCDE
2200 Ratio  Clutch Clutch Cluich Clutch Clutch 40
1 ———-EngineRPM Gear Ratio & A 3 % 5 5
2000 Vehiclespeed qat 471 - i - -
1 - ThrottlePedalPos 2% 314 1.50 X x x 35
1800 | \ CurrentGear 3 210 1.49 x x x
1 Turbinespeed_n_ 167 1.28 X X L
i — —|&5n 1.29 1.30 x X x 30
1600 6t 1.00 1.29 X x x
] T 0.84 1.19 x X x
1400 | g 067 1.26 X X X 25
i ')ll Rev x
200 ks — \—J\M Spread
jiM Park ~20
| Neutral
OOO | M"t x x
800 15
600 il 10
400
’ -5
200
0- T T T ‘ T \ T 0
0 1 30 60 0 100

Observed Neutral Clutch Logic

5th

D | 20
HEGBE

40 5b |
I B l iiri_SIow [s]

Vehicle speed [mph]



Ram HFE 8_Speed _ Benchmark Contract No. EP-C-12-014, WorkAssiﬁgeztziaéié
Bench Testing — Neutral Coast Down

50mph Drive Coastdown, Start/Stop On

| |(.______...]| ]

=

Sol_5, Clutch E
Sol_6, Brake B

Sol_7, Clutch D
Sol_8, Brake A
w S

Sol_1, on/Off | =
Sol_2, Line 2 I i
sol 3 T7CC | 8 ———
Sol_4, Clutch C | & )

=

Ie)

N

Turbine speed (n_t_v) [RPM]

Goor Ratio ::;I: Cll.:ch Clutch  Clutch Cluntch Clutch —
2200 94 357 2200 1 411 xox X 60
: 204 3.14 1.50 X X X
| 1 | —1— EngineRPM an 2.40 148 x X x
2000 8 2000 —— Vehiclespeed 4 167 1.28 = = =
] 307 ] ThrottleFedalPos 5 1.29 1.30 x X x
1800 - 1 {1 1800 “\ 1 currentdear 6 100 129 X x x 50
17 1 —— Turbinespeed n_t v )| S S X
i 25+ i ' —n_L an 0.67 1.26 X X x| T
1600 i 1600 — — - - .
TS ] ' 40 £
1400 - _ » 20 _1400- |} > RSN N—— S
1 o 20 s ) Park X x =
l 7 8 o o 7:‘ - Neutral F ;
11200 O 57 5 1200 - [ . Default  6"Gear X ox o ox 2
1E 18154 2 . Terminal idle speed reached 30 &
1000 € 4 | o 51000 - 1 o
| 8 | g LICJ | -y " -«\r.nuv.wuw-mv-vw\.‘\ | L §
800~ ~ , | 8107 " 8001 \ — T 20 8
i S ]
600 - 1 g/ 600~ \5 N e ]
400 ] 2 7 1 400 ] ~ Stop/Stag tgrﬂ?
i | , engine o
200 - 14 0 | 200 Engage brake to stop g |
0- 0- -5- 0 w \ w \ ‘ \ ‘ \ ‘ \ ‘ 0
0 20 40 60 80 100 120
Time_Sow [s
CAN-State  6th “th i sth | an | 3 ooV 2nd Lst'FlE ll/

Solenoid-State  gth 7th 6th 5th  4th 3rd 2nd  1st 65



Ram HFE 8-Speed — Benchmark

Turning Torque [Nm]

-10

-12

Contract No. EP-C-12-014, Work Assignment 3-11

May4,2015  pm
Bench Testing — Neutral Coast Down n
Neutral Coast Down Temperature Comparison

Vehicle Speed [MPH]
10 20 30 40 50 60 70 80 90
A C B Solenoids energized: Aonly
\ i ' '
i\‘ _ Input 35°C
Vil e it _ Input 60°C
W 2 e T el DT o
W A T Input 100°C
0y 2 ~==- --—-Output 35°C
W S ----Output 60°C
Wwi--" s
WS /. ====-Output 100°C
LI P
'l:“"f'
¥
v
500 1000 1500 2000 2500

Output Speed [RPM]

3000

FEV
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Ram HFE 8-Speed — Benchmark
Bench Testing — Neutral Coast Down

Contract No. EP-C-12-014, Work Assignment 3-11

May 4, 2015 .

Turning Torque [Nm]

10

500

Neutral A Coast Down Temperature Comparison

20

30

1000

Vehicle Speed [MPH]
40 50 60

1500 2000
Output Speed [RPM]

70

2500

80

90

Input 35°C
Input 60°C
Input 100°C
=-===Qutput 35°C
====Qutput 60°C
====-Qutput 100°C

3000

IFEV
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Ram HFE 8-Speed — Benchmark
Bench Testing — Neutral Coast Down

Contract No. EP-C-12-014, Work Assignment 3-11

May 4, 2015 .

Turning Torque [Nm]

10

500

Neutral B Coast Down Temperature Comparison

20

30

1000

Vehicle Speed [MPH]
40 50 60

1500 2000
Output Speed [RPM]

70

2500

80

90

Input 35°C
Input 60°C
Input 100°C
=-===Qutput 35°C
====Qutput 60°C
====-Qutput 100°C

3000

IFEV
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Ram HFE 8-Speed — Benchmark
Bench Testing — Neutral Coast Down

Contract No. EP-C-12-014, Work Assignment 3-11

May 4, 2015 .

Turning Torque [Nm]

10

500

Neutral C Coast Down Temperature Comparison

20

30

1000

Vehicle Speed [MPH]
40 50 60

1500 2000
Output Speed [RPM]

70

2500

80

90

Input 35°C
Input 60°C
Input 100°C
=-===Qutput 35°C
====Qutput 60°C
====-Qutput 100°C

3000

IFEV
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Ram HFE 8-Speed _ Benchmark Contract No. EP-C-12-014, WorkAssiﬂgeztziaéié
Bench Testing — Neutral Coast Down

d Test Summary

1 The transmission neutral coast down losses were measured at 35°C, 60°C and
100°C

O The Ram 1500 HFE performs several transmission solenoid shifts during a
vehicle coast down in ‘N’

O FEV reproduced the observed solenoid sequence in the test cell and recorded
the associated losses on transmission input- and output shaft

O It appears that the dynamic solenoid actuation is causing more drag losses
than one constant solenoid actuation sequence would

O It is assumed that the behavior during a vehicle coast down in ‘N’ is
intended for drivability improvement rather than fuel economy improvement

FEV
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Ram HFE 8-Speed _ Benchmark Contract No. EP-C-12-014, WorkAssiﬂgeztziaéié
Bench Testing — Gear Inertia Study

a

Inertia Study (Input and Output Driven)
O Gears (8): All forward gears
O Torque converter clutch locked for all tests
O Sweep input/output speed from 0 — 5000 rpm at constant acceleration
O Acceleration rates (2):
d 24.43, 36.65 kgm?
O Transmission oil temperature = 60°C
O Transmission line pressure (variable):
0 Same as used for equivalent point during spin loss testing

O Subtract previously measured spin losses for that gear to receive a constant
torque value that can be used to calculate the inertia of the selected gear

O 1 =T/a (T = Torque, a = angular acceleration)

FEV
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Ram HFE 8-Speed — Benchmark

Bench Testing — Gear Inertia Study

20

18

- -
- »

3
—
N

-
N

Turning Torque [Nm]
© o

Inertia 1st Gear Results
Ramp Rate = 36.65 1/s*2

1.8

-
R

\

—

Inertia [kgm2]

I
o
o]

\

|

I I I I I I I I 0
500 1000 1500 2000 2500 3000 3500 4000 4500

Input Speed [rpm]

Contract No. EP-C-12-014, Work Assignment 3-11

May4,2015

Inertia Calculation:

T

[ =—

a

| = Inertia [kgm"2]

T = Accel. Torque [kgm”2/s"2]
a = Angular Accel. [1/s"2]

—e—Steady TRQ [Nm]

——Sweep TRQ [Nm] @ 36.65

ATorque [Nm]
—o—|nertia [kgm2] 36.65

FEV

72



Ram HFE 8-Speed — Benchmark
Bench Testing — Gear Inertia Study

20

18

- - -
N - »

Turning Torque [Nm]
© o

Contract No. EP-C-12-014, Work Assignment 3-11

Inertia 1st Gear Results
Ramp Rate = 24.43 1/s*2

1.8

-
R

-
F -8

-
N

—

Inertia [kgm2]

o
o

o
o

o
»

0.2

0

500

1000

1500 2000 2500 3000 3500 4000
Input Speed [rpm]

0
4500

May 4, 2015

Inertia Calculation:

T

[ =—

a

| = Inertia [kgm"2]

T = Accel. Torque [kgm”2/s"2]
a = Angular Accel. [1/s"2]

—e—Steady TRQ [Nm]

——Sweep TRQ [Nm] @ 24.43
ATorque [Nm]

—o—|nertia [kgm2] 24.43

FEV
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Ram HFE 8-Speed — Benchmark
Bench Testing — Gear Inertia Study

Contract No. EP-C-12-014, Work Assignment 3-11
May 4, 2015

845RE Gear Train Inertia

0.35

0.330.33
0.30
0.280.28
0.25 0'25n 24
0.230.23
| 02222 0.220.22
? 0.20
£
=
8 m 36.65 (1/5"2)
T
@ 0.15 W 24.43 (1/s"2)
0.10 | 8th gear shows
highest inertia (0.33);
] 3d gear has lowest
00 ] inertia (0.19)
0.00 :
1 2 3 4 5 6 7 8

Gear

IFEV
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Contract No. EP-C-12-014, Work Assignment 3-11

Ram HFE 8-Speed — Benchmark vay4, 2015 g

Bench Testing — Gear Inertia Study

Turning Torque [Nm]

20

18

16

14

[]
min. [NM] :
4.7
max. [NM]

845RE Spin Loss, 35°C
Plotted over Input Speed

12.6

avg. [NM] :
7.1

—e—1st, 35 °C
2nd, 35 °C

3rd, 35 °C
—=—4th, 35 °C
—o—>5th, 35 °C

——6th, 35 °C

——7th, 35 °C
Neutral losses similar to 15t gear losses 8th, 35 °C

- =N, 35°C

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Input Speed [rpm] FEI_V
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Ram HFE 8-Speed _ Ben Ch m ark Contract No. EP-C-12-014, Work Assiﬂge‘:t;éié .
Bench Testing — Gear Inertia Study n
min. [NM] :
845RE Spin Loss, 60°C 37
Plotted over Input Speed '
20 max. [NM] :
18 1.1
16 avg. [NM] :
T 14 5.8
EE
s 12 —e—1st, 60°C
S —2nd, 60°C
S 3rd, 60°C
£ —=—4th, 60°C
=
~ —o—5th, 60°C
——6th, 60°C
——7th, 60°C
2 Neutral losses similar to 15t gear losses ——8th, 60°C
. - - N, 60°C

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Input Speed [rpm] FEI_V



Ram HFE 8-Speed _ Ben Ch m ark Contract No. EP-C-12-014, Work Assiﬂge‘:t;éié .
Bench Testing — Gear Inertia Study n
min. [NM] :
845RE Spin Loss, 100°C 3.0
Plotted over Input Speed '
20 max. [NM] :
18 10.8
16 avg. [NM] :
T 14 5.1
Z,
g 12 —e—1st, 100 °C
E 0 ——2nd, 100 °C
= 3rd, 100 °C
£ 8 —=—4th, 100 °C
= . ——>5th, 100 °C
——6th, 100°C
4 ——7th, 100°C
2 Neutral losses lower than 15t gear’s and most other gear’s losses 8th, 100°C
- =N, 100°C
0

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Input Speed [rpm] FEI_V



Ram HFE 8-Speed — Benchmark

2.0

1.5

Turning Torque [Nm]
o o o =
(%)) (=] (4] o

[
-
o

-1.9

-2.0

May4,2015
Bench Testing — Gear Inertia Study n
845RE Neutral Inertia Comparison
Ramp Rate = 36.65 1/s?
Intertia [kgm” 2]
36.65 | 24.43 | 36.65 | 24.43
Ash2) | (1sh2) | (1sh2) | (1/sh2)
Input Input | Output | Output
0 |0.213464/0.213358] N/A N/A
1 |0.215854]0.215443] N/A N/A
2 |0.227581/0.228761] N/A N/A
3 |0.194586]0.189039] N/A N/A
4 |0.205639(0.209987| N/A N/A
5 |0.216396/0.217575] NI/A N/A
6 |0.24687[0.241519] N/A N/A
8 7  |0.281654/0.283319] N/A N/A
O 8 ]0.326076/0.326949] N/A N/A
/—;k\. — ' : —¢ @1 | Neutral| ) 10689|-0.00509] -0.0829 |-0.08145
n —o— i — —8 A
[ T T T
N Neté”a' -0.0136 |-0.01883|-0.07868|-0.08749
Negra' -0.0216 |-0.02971-0.08621-0.09548
Neutral [-0.01157]-0.01236/-0.07744]-0.07088
——Qutput
Driven Inertia
—o—Input Driven
Inertia
500 1000 1500 2000 2500 3000 3500

Contract No. EP-C-12-014, Work Assignment 3-11

Output Speed [rpm]

IFEEV
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2.0

1.5

Turning Torque [Nm]
o o o =
(%)) (=] (4] o

[
-
o

-1.9

-2.0

May4,2015
Bench Testing — Gear Inertia Study n
845RE Neutral Inertia Comparison
Ramp Rate = 24.43 1/s2
Intertia [kgm” 2]
36.65 | 24.43 | 36.65 | 24.43
Ash2) | (1sh2) | (1sh2) | (1/sh2)
Input Input | Output | Output
0 |0.213464/0.213358] N/A N/A
1 |0.215854]0.215443] N/A N/A
2 |0.227581/0.228761] N/A N/A
3 |0.194586]0.189039] N/A N/A
4 |0.205639(0.209987| N/A N/A
5 |0.216396/0.217575] NI/A N/A
6 | 0.246870.241519] N/A N/A
8 7  |0.281654/0.283319] N/A N/A
O 8 ]0.326076/0.326949] N/A N/A
/w R . @ || Neutral | 5 60689|-0.00509 -0.0829 |-0.08145
i —— A
T T T T
N Neté”a' -0.0136 |-0.01883|-0.07868|-0.08749
Negra' -0.0216 |-0.02971-0.08621-0.09548
Neutral [-0.01157]-0.01236/-0.07744]-0.07088
——Qutput
Driven Inertia
—o—Input Driven
Inertia
500 1000 1500 2000 2500 3000 3500

Contract No. EP-C-12-014, Work Assignment 3-11

Output Speed [rpm]
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Bench Testing — Gear Inertia Study

845RE In-Gear Inertia
Input Shaft Driven

0.350

0.300

0.250

et
)
o
=

——Ramp Rate A

o
—
o
o

——Ramp Rate B

Inertia [kgm*2]

0.100

0.050

0.000
0 1 2 3 4 S 6 7 8 9

Gear (0 = Neutral) FEI_V
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Ram H FE 8-Speed _ Ben C h m ark Contract No. EP-C-12-014, Work Assiﬂge‘:t;éié

Bench Testing — Torque Converter Testing

d Torque Converter Efficiency Measurements
O Gear =TBD
O Assuming 15t gear for speed tests
O Assuming 5t gear for mid and high speed tests
O Input speeds (TBD):
O Engine idle speed (assume 15t gear)
@ 1000 rpm (assume 5t gear)
@ 2000 rpm (assume 5t gear)
O Achieve different torque converter speed ratios (0 .... 1)
O Transmission oil temperature = 100°C
O Transmission line pressure (variable):
L Same as used for equivalent point during loaded efficiency testing
O Neutral Idle Control
U Releases brake B when vehicle is stopped in D (i.e. 1st gear)
O Reduces drag losses to improve fuel economy when at rest

FEV
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Ram HFE 8-Speed — Benchmark
Bench Testing — Gear Inertia Study

30

28

26

24

Input Torque [Nm]
S 5 & & B8 R

=
o

Effect of Neutral Idle Control on Transmission Losses

Contract No. EP-C-12-014, Work Assignment 3-11

A
i \ -
\
\
‘B’on | | ‘B’ off

60
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Time [s]

80
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1400
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1000

800
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May4,2015

Input Torque

——|nput Speed

NIC can reduce
the input torque
by ~3 Nm or 25%
when idling at
vehicle stop in D.
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Ram HFE 8-Speed — Benchmark

Bench Testing — Torque Converter Testing

a

Torque Converter Efficiency Measurements
O Gear =TBD
O Assuming 15t gear for speed tests
O Assuming 5t gear for mid and high speed tests
O Input speeds (TBD):
O Engine idle speed (assume 15t gear)
@ 1000 rpm (assume 5t gear)
@ 2000 rpm (assume 5t gear)
O Achieve different torque converter speed ratios (0 .... 1)
O Transmission oil temperature = 100°C
O Transmission line pressure (variable):
L Same as used for equivalent point during loaded efficiency testing

May4,2015

Contract No. EP-C-12-014, Work Assignment 3-11
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Ram HFE 8-Speed _ Benchmark Contract No. EP-C-12-014, WorkAssiﬂgeztziaéié
Bench Testing — Torque Converter Testing

O Front driving — efficiency test (initial results acquired, analysis ongoing)
O 5th gear
O Transmission line pressure at maximum value observed for 5th gear
U Sump temperature = 100°C
O TISS at 1000 rpm
O Engine at 1000 rpm and increasing in 10 rpm increments until 1200 rpm

0 Engine at 1200 rpm and increasing in 100 rpm increments until input
torque exceeds 250 Nm

O Front driving — stall test (last test)
O 1stgear
Transmission line pressure at maximum value observed for 1st gear
Sump temperature = 100°C
Output shaft at O rpm

Input shaft from O to stall speed rpm (input torque at 250 Nm) at 250 rpm
Increments

U000

FEV
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Ram H FE 8-Speed _ Ben Ch m ark Contract No. EP-C-12-014, Work ASSi?\?g/ezzt;(;ié

Bench Testing — Torque Converter Testing

O Back driving — efficiency test (initial results acquired, analysis ongoing)
O 5th gear
0 Transmission line pressure at minimum value observed for 5th gear
U Sump temperature = 100°C
O TISS at idle (680 rpm)
O Engine at 1/2 idle (340 rpm) and increase to idle
O 390, 440, 490, 540, 590, 640, 680 rpm
O TISS at 2x idle (1360 rpm)
0 Engine at 1/2 idle (340 rpm) and increase to 2x idle
O 440, 540, 640, 740, 840, 940, 1040, 1140, 1240, 1360 rpm

FEV
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Contract No. EP-C-12-014, Work Assignment 3-11 .

Ram HFE 8-Speed — Benchmark vay4, 2015 g
Bench Testing — Torque Converter Testing n

O Evaluation of torque converter efficiency

1. Conduct measurements as outlined, recording input/output speeds & torques
I.  Pump side power recorded (T,, w,)

2. Analyze already recorded transmission efficiency results to determine turbine
torque values:

I.  Find LE data which can be matched to TC run in terms of transmission
output speed & torque (T, w.) — inter/extrapolation may be required

ii. Back calculate output torque (considering gear ratio and gear set efficiency)
to receive TC turbine side torque and speed (T, w,)

lii. Calculate TC efficiency: n = (T,* w,)/(T,* w,) * 100

TCC

#1 open
|

Gearbox

Absorber

T.T wl

l | Drive

Tb' wbl Ta W,

FEV
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Ram H FE 8-Speed _ Ben C h m ark Contract No. EP-C-12-014, Work Assiﬂge‘:t;éié .

Bench Testing — Torque Converter Testing

d Sample Calculation
O Input:
O Gear: 5th, Torque: 25 Nm, Engine speed: 1080 rpm
0 Power on TC pump: 2,827 W
O Output:
0 Torque: 24.8 Nm, TISS = 1000 rpm, TOSS: 780 rpm

0 Transmission efficiency in 5th gear at 780 rpm output, 5th gear and 24.8 Nm
output torque: ~80%

O Torque on TC turbine = Output torque / 1.285/ 0.8 = 24.12 Nm
O Power on TC turbine: 2,525 W
O Efficiency TC = Power turbine/Power pump*100
0 n=2525W/2,827W * 100
0 n=89.34%

FEV
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Ram H FE 8'Sp eed _ B enc h mar k Contract No. EP-C-12-014, Work Assiﬁglezt;éié .
Bench Testing — Torque Converter Testing B
Torque Converter Characteristics vs. Speed Ratio

100
aa m Efficiency: n=v = u
et
2 90 B Torque Ratio: u = %1
: u JP/!: = Turb;ne E‘"onﬁue [Nm]; MP =
[®) mp Torque [Nm
< 80 )
© " K-Factor: K = 7
LL B n = Stall Speed [rpm]; Mp =
! 70 Pump Torque @ Stall Speed [Nm]
S
L 60 —e—Efficiency
(=]
1-3 50
(14 ——Torque Ratio (p)
g 40
g
|2 30 -m-K Factor
S
3- 20
=
2
e 10
S
L
0
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 [y [
IFEEWV

Speed Ratio
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Ram HFE 8-Speed _ Benchmark Contract No. EP-C-12-014, WorkAssiﬂgeztziaéié
Bench Testing — Oil Pump Testing

d

Oil Pump Efficiency Measurements

O Transmission disassembled and reassembled to only contain oil pump, drive
sprocket and chain

 Performed loss measurements on de-vaned pump to evaluate the pump
chain drive losses
O Input speeds (11):
d 500, 750, 1000, 1250, 1500 1750, 2000, 2500, 3000, 4000, 5000 rpm
O Pump pressures (3):
4 5.2, 8, 11.5 bar
O Transmission oil temperatures (3):
d 35°C, 60°C, 100°C
O Transmission line pressure (variable):
L Same as used for equivalent point during loaded efficiency testing

FEV
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Ram HFE 8_Speed _ Benchmark Contract No. EP-C-12-014, WorkAssi?\;lqgezt;éié
Bench Testing — Oil Pump Testing

Oil Pump Test Schematic

Pressure

l— ey ) = Temp. Control Circuit

1 2.1 O [] (temperature control — in and
Flow Meter 845RE 2 e Input Dyno out of pan)
— O I —

= @ — Trans. Oil Pump Circuit
> Regulator n (regulated to prescribed line

pressure — out of pump,

> Pump through pressure control,

j into pan)

— Regulator —— Input Bearing Circuit
(lubrication — out of pan, into
OEM supply line, internal,

Pump Exchanger drain back to pan and

lubricate chain)
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Bench Testing — Oil Pump Testing

Oil Pump Test Schematic

Chain Drive Sleeve

Chain & Bearing
Lube Port

FEV Pump Drive Adapter

Pump Specs:

Off-axis, chain driven vane pump
with 12 chambers:

- Chain ratio 0.911 (pump faster
than input shaft)

-14.7 cc/ pump rev (ZF claim)

- 16.12 cclinput rev

Oil Pump Cartridge

IFEV
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H
Bench Testing — Oil Pump Testing

Low Pressure Operation

» Axial gap compensation by pressure - deflection of side plates

« Radial gap compensation by pressure support of vanes

David Shulver — SAE 2013 Transmission & Driveline Symposium

IFEV
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H
Bench Testing — Oil Pump Testing

High Pressure Operation

» Axial gap compensation by pressure - deflection of side plates

» Radial gap compensation by pressure support of vanes

David Shulver — SAE 2013 Transmission & Driveline Symposium

IFEV

93



Ram HFE 8-Speed — Benchmark May 4, 2015
Bench Testing — Oil Pump Testing

Contract No. EP-C-12-014, Work Assignment 3-11

Oil Pump Test Schematic

Lubrication of
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input bearing
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Oil Pump Test Setup
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, . B | pressure . pressure

. 1 \ A ] i
7 e Sl . transducer : - transducer

Pump inlet/outlet
thermocouples

Chain and seal
lubrication pump
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Oil Pump Test Setup

Pump pickup

Contract No. EP-C-12-014, Work Assignment 3-11
May 4, 2015 .
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Oil Pump Test Setup

Pump pickup

Lube

Contract No. EP-C-12-014, Work Assignment 3-11 .
May 4, 2015 .

Pump outlet
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Bench Testing — Oil Pump Testing

Turning Torque [Nm]
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May4,2015

Contract No. EP-C-12-014, Work Assignment 3-11
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Plotted over Input Speed
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For full transmission spin loss:

pressure map
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Turning Torque [Nm]
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For pump only spin loss:
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Turning Torque [Nm]
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845RE Spin Loss, 100°C
Plotted over Input Speed
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For full transmission spin loss:
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Contract No. EP-C-12-014, Work Assignment 3-11
May 4, 2015 .
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Ram HFE 8-Speed — Benchmark eritact o oy 4. 2015 B
Bench Testing — Oil Pump Testing n
Pump Flow vs. Input Speed - 35°C
100
920
Measured flow deviates from theoretical
80 -— flow above 1500 rpm at 35°C /
— 70
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é 60 —e—theoretical Flow
> / —35C, 5.2 bar
o —35C, 8 b
L , ar
E— 40 35C, 11.5 bar
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20 on ZF published
In addition to leakage, the ‘High Speed theoretical
10 L Fill Limit (HSFL) appears to be between displacement of
« 4000 and 5000 rpm 14.7 cclrev (16.12
0 : : : : : cclrev)
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Bench Testing — Oil Pump Testing
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Pump Flow vs. Input Speed - 60°C
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Contract No. EP-C-12-014, Work Assignment 3-11
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Ram HFE 8-Speed — Benchmark eritact o oy 4. 2015 B
Bench Testing — Oil Pump Testing n
Pump Flow vs. Input Speed - 100°C
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Bench Testing — Oil Pump Testing B
Leakage vs. Input Speed - 35°C
Leakage = Calculated flow — Measured flow
Calculated flow = Input speed * Pump displacement * .001
<
& —35C, 5.2 bar
I;' —35C, 8 bar
&
ﬁ 35C, 11.5 bar
Q
-l
0 1000 2000 3000 4000 5000 6000
Transmission Input Speed [rpm] ==
IFEW

104



Ram HFE 8-Speed _ Benchmark Contract No. EP-C-12-014, WorkAssigl;iArg;eEtz?,(;ié

: : . H
Bench Testing — Oil Pump Testing B
Leakage vs. Input Speed - 60°C
Leakage = Calculated flow — Measured flow
Calculated flow = Input speed * Pump displacement * .001
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Bench Testing — Oil Pump Testing B
Leakage vs. Input Speed - 100°C
Leakage = Calculated flow — Measured flow
Calculated flow = Input speed * Pump displacement * .001
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Bench Testing — Oil Pump Testing n
Volumetric Efficiency vs. Input Speed - 35°C
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Bench Testing — Oil Pump Testing n
Volumetric Efficiency vs. Input Speed - 60°C
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Bench Testing — Oil Pump Testing n
Volumetric Efficiency vs. Input Speed - 100°C
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Bench Testing — Oil Pump Testing

Mechanical Efficiency vs. Input Speed - 35°C
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Bench Testing — Oil Pump Testing

Mechanical Efficiency vs. Input Speed - 60°C
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Bench Testing — Oil Pump Testing

Mechanical Efficiency vs. Input Speed - 100°C
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Efficiency [%)]
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Overall Efficiency vs. Input Speed - 35°C

Overall efficiency = Hydraulic output power / Mechanical input power
Hydraulic output power = (Measured flow * (Outlet pressure — Input

pressure) * 100) / 60
Mechanical input power = (Input torque * Input speed * 217) / 60

May4,2015

Contract No. EP-C-12-014, Work Assignment 3-11
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Bench Testing — Oil Pump Testing

Overall Efficiency vs. Input Speed - 60°C
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Efficiency [%)]
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Overall Efficiency vs. Input Speed - 100°C

Overall efficiency = Hydraulic output power / Mechanical input power
Hydraulic output power = (Measured flow * (Outlet pressure — Input

pressure) * 100) / 60
Mechanical input power = (Input torque * Input speed * 217) / 60

May4,2015

Contract No. EP-C-12-014, Work Assignment 3-11
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Contract No. EP-C-12-014, Work Assignment 3-11
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H
Bench Testing — Oil Pump Testing

Oil Pump Turning Torque
Chain Drive and Bushings
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Bench Testing — Oil Pump Testing B
Oil Pump Turning Torque - 5.2 bar
Share of Chain Drive and Bushings
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Bench Testing — Oil Pump Testing B
Oil Pump Turning Torque - 8 bar
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Oil Pump Turning Torque - 11.5 bar
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Bench Testing — Oil Pump Testing

H
d Test Summary

O The transmission oil pump efficiency was measured at 35°C, 60°C and 100°C

0 The Ram 1500 HFE transmission oil pump is a vane-type, off-axis pump with
fixed displacement

O It spins slightly faster than the transmission input (ratio 1: 0.911) which is
realized by different size sprockets in the pump drive system

O Hence, the theoretical displacement of 14.7 cc/rev (ZF) converts to 16.12
cc/revolution on the transmission input shaft

O It is assumed that the oil pump is equipped with a pressure-based axial gap

compensation as its volumetric efficiency stays nearly constant across the
tested pressure levels
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