SAE had provided vieanly access to this document to Synopsis for review/reference purposgs onl
This document is SAtBpyrighted intellectual property. It may not be shared, downloadkgblicated,
reprinted, a transmitted in any manner without prior written permission from SAE. SAE requires that
you make best efforts to secure and protect the document from disclosure, taking at least the same c:
that you would for your own confidential information. Tharduy

Software Test and Calibration Using Virtual Manufacturing 2017-01-0536
Published 03/28/2017

Extending the capability of General Motors Virtual Manufacturing
(SAE 2008-01-0288) vehicle level software testing and calibrati

William Goodwin
GM Powertrain

Claudio Mancuso
GM Global Propulsion Systems

Nicolas Brown ¢GHOLW\N VXEV\VWHPV FRXSOHG ZLWK |VWDW

Synopsys Inc.
calibrations. Additionally, dye to Virtual Manufacturing’s

CITATION: *RRGZLQ : ODQFXVR & DQG %URZFQRP]SDUGZR\NWYIEDO\H%IX/\EXDEQ]GV&DO\LEU MWILLURHDP

Paper 2017-01-0536, 2017, doi:10.4271/2017-01-0536. are realized compared to i

T eserteuTtTe- oo i i e in terms
oftware, and produce a production ready

of cost, the abiligy
calibration usir\" hanced Virtual Manufacturing process.

Abstract &Q(b'

This paper describes how distributive computing along with @
statistical subsystem simulation can be applied to produce near \,
production ready embedded vehicle software and calibrations.
&RXSOLQJ GLVWULEXWLYH FRPSXWLQ
employed over a decade ago at General Motors to design an
propulsion subsystem hardware. Recently this method of s
has been enhanced extending its capabilities to both
vehicle code as well as develop calibrations. A primary*adyZntage of

this simulation technique is its ability to generat ta from a
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typically employed. Later stages use costl gl nd vehicle

hardware as part of the software test ation development

process. During this phase propulsion$ sfsiems may initially utilize

dynamometers and eventually n@ to¥ehicle level testing. All
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these technologies contribute to budgets and design times for Virtual Manufacturing Review

embedded software and calibratior development. . L
It has been determined that effects due to component variation and

aging within an automotive subsystem are a major cause of quality

and warranty related problems. Prior to Virtual Manufacturing,
identifying the effects of all known sources of variation has been
impossible. The technical problem has been that the application of
statistical analysis to determine the effects of component variation
within a subsystem can require hundreds or even thousands of
VDPSOHVY WR EH VWDWLVWLFDOO\ VLIQL¢FD
subsystem prototypes is economically impractical. GM Propulsion
Systems solved this problem by combining the subsystem virtual
prototype with statistical simulation to economically determine
performance effects associated with all known sources of variation.
This has been accomplished by developing Virtual Manufacturing

that allows engineering to effectively build and test thousands of
simulated subsystems at a small fraction of the expense of physical
prototyping. GM uses a tool from Synopsys called Saber to do this.
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Figure 5. Calibration results graph comparison

Figure 6. Calibration results table comparison
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