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传动系统管理功能的发展
Function D evelopm en t in D r ivel ine M anagem en t
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[摘要 ]为了推进产品包括功能的创新,汽车在与过程相关的研究领域内取得了快速发展。这是因为最终用

户是否购买取决于新车的价值。问题的实质是汽车必须工作可靠、功能齐全。

对于以软件为主的产品,如几乎所有的电子元件或组件,其质量不仅必须通过单独试验,而且还需用可

再现的过程加以预确认和预保证。因此,在产品完善前,传动系统产品功能的开发必须包涵各个方面。新开

发的基于控制模块的锁止离合器可作为一个实例。

[Abstract ] In addit ion to pu re p roduct innovat ion w h ich includes funct ions, au tomob ile developm en t in2
creasingly invo lves p rocess- rela ted research top ics. W hy is th is so? T he end custom ers’ buying decisions

h inge on the value added to their new cars. A nd it is a m at ter of cou rse to them that their cars wo rk reliab ly

and their funct ions are fu lly rep roducib le.

Fo r softw are2dom inated p roducts, i. e. fo r a lmo st a ll elect ron ics componen ts o r sub2assem b lies it is

part icu larly t rue that their quality m ust no t on ly be tested separately bu t a lso p re2determ ined and guaran2
teed by m eans of rep roducib le p rocesses. T herefo re, developm en t of funct ions in p roduct ion drivelines m ust

include all aspects befo re p roduct m atu rity can be reached. T he new developm en t of a model2based con2
t ro lled lock2up 2clu tch is an examp le of th is app roach.
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1　前言

不管在开发的初始阶段还是在对软件需求急剧

增长的时期,软件的质量和消费者的满意程度都是

相同的,即在不增加成本的基础上不断改善。在最

近几年, ZF 公司已经在集中解决这种矛盾。改善效

率的关键在于现代化的开发方法,包括巨大的仿真

能力和标准化的设计及适用于汽车的可再现的试

验。

在各阶段所采用的各种的开发方法和工具都与

软件的发展相关。试验中一个主要的成本源是再现

试验环境、试验向量和试验评价方法。而有效的降

低成本的措施是在各个开发阶段中重复使用模型和

试验向量和自动进行程序运行和评价试验。

这里所选择的程序及由此获得的好处可通过变

速器控制模块中锁止离合器控制软件的开发来体现

(图 1)。特别需强调的是“基于发展的模型”,它是一

种认可方法,被称为是对系统详细的理解,并在功能

1　In troduction

D esp ite sho rter developm en t lead t im es and in2
creasingly st ringen t requ irem en ts on softw are, the

quality of th is sof tw are and levels of custom er sat2
isfact ion need to be susta ined, o r ideally imp roved

upon, w ithou t any increase in co st. O ver the last

few years, ZF has been heavily comm it ted to reso2
lu t ion of th is conflict. Key con tribu t ions to the eff i2
ciency imp rovem en t requ ired here are delivered by

modern developm en t m ethods w ith ex tensive sim u2
la t ion capab ilit ies and standardized design coup led

w ith rep roducib le tests w h ich are su itab le fo r au2
tom at ion.

V arious differen t developm en t m ethods and

too ls are emp loyed du ring the m any stages invo lved

in the developm en t of modern softw are. O ne m ajo r

sou rce of co st in the test ing p rocess is incu rred by
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图 1　液力变矩器的机械和液压元件示意图

F ig. 1　M echan ical and hydrau lic diagram of a to rque converter

图 2　基于V 模式的软件开发过程

F ig. 2　Softw are developm ent p rocess based on the V model

上具有实质性的好处。

2　开发过程——概述

在 ZF 公司植入式软件的发展中倾向于采用经

典的V 模块 (图 2)。在项目启动阶段的系统规范时,

变速器中的机械、液压、电气和电子元件及它们之间

的关系都给出了定义。据此才能获得有关电控单元

及其软件的需求。在功能规范阶段,勾划并详细定

义由软件实现的功能。

imp lem en tat ion of test environm en ts and test vec2
to rs, and also by the test evaluat ion p rocess. A

substan t ia l reduct ion in expenditu re is ach ieved by

reusing models and test vecto rs created du ring the

various developm en t phases, and by au tom at ing the

p rocess of runn ing and evaluat ing tests.

T he p rocedu re selected here and the benefit s

derived from it can be illu st ra ted by the examp le of

softw are developed fo r a con tro lled lock2up clu tch
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　　系统规范阶段由一系列原始模型方法所支持。

在虚拟样机阶段,通过系统仿真检查模型所定义的

功能。如果必须在实车环境下加以检验,试验可在

快速成形阶段完成。这些方法非常适合在设计早期

阶段发现规范中的缺陷。当使用虚拟样机时,仿真

质量决定了能被应用于实车环境的范围。

　　这时进入到规划阶段,在该阶段不进行大量细

节检验,因为还未涉及目标表述。

在软件批量生产时,规划有两个试验阶段。第

一阶段是验证功能规范,包括在 PC 机上功能测试

仿真。然后是系统认可检验,包括整个系统的各项

试验。某些元件的功能试验和系统认可检验工作可

在实验室通过仿真完成。

3　可控锁止离合器——基于发展的模
型

　　ZF 对“基于发展的模型”阶段的理解是该过程

是开发基于系统物理相互作用特性模型的开环和

闭环控制功能。 (图 3)

3. 1　分析阶段

在分析阶段,系统模型已建立。在本例中,离合

器传递的转矩是摩擦系数和正压力的乘积。同时应

对系统的物理意义、公差和环境特性作出估计。在

分析阶段的最后,已有一个详细的与目标相一致的

详细描述系统各种工况的模型。

在草图设计和仿真阶段,详细的系统模型被应

用在仿真环境中。使用来源于闭环控制技术的方

法,所开发的反馈控制器能以适当的方式对系统产

生影响。在本例中,离合器动作所需的目标包括一

(F igu re 1) in t ransm ission con tro l un its. In part ic2
u lar, emphasis is p laced on the key ph rase of“mod2
el2based developm en t”w h ich refers to a m ethod2
o logical app roach w h ich calls fo r a deta iled under2
standing of the system and w h ich delivers substan2
t ia l benefit s in term s of funct ionality.

2　D evelopm en t Process-Summary

T he developm en t p rocess fo r em bedded soft2
w are in ZF p roducts tends to favo r the classic V 2
model (F igu re 2). In the system specif ica t ion at

the start of a p ro ject, the m echan ical, hydrau lic,

elect rica l, and elect ron ic componen ts in the t rans2
m ission and their in ter2rela t ionsh ip s are all de2
f ined. F rom th is, it is po ssib le to derive the re2
qu irem en ts rela t ing to elect ron ic con tro l un its and

their sof tw are. D uring the p rocess stage know n as

the funct ion specif ica t ion stage, the funct ions im 2
p lem en ted in the softw are are draf ted and defined

in deta il.

T he system specif ica t ion stage is suppo rted by

a range of modern p ro to typ ing m ethods. D uring

the virtual p ro to type stage, a model of the specif ied

funct ion is in spected by m eans of a sim u lated model

of the system. If the in ten t ion is to app ly th is in2
spect ion in a real veh icle environm en t, th is test can

then be imp lem en ted by m eans of a rap id p ro to typ2
ing stage. T hese m ethods are ideally su ited to de2
tect ing specif ica t ion erro rs a t the earliest po ssib le

图 3　基于发展的模型　F ig. 3　M odel2based developm ent
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个在名义转矩下操纵离合器的规范。

如将离合器名义转矩除以摩擦系数,便获得操

纵力。如果在实际操纵和模型中都能获得理想的摩

擦系数,仿真将给出一批理想的工作特性。通过改

变模型的物理参数, 便能对草图的鲁棒性进行研

究。

当将草图转化为具有实时处理能力的软件时,

便能对实际系统的功能作出检验和评价。在实际系

统中出现的任何偏差和误差表明离合器名义转矩

和实际转矩之间并未造成过大的误差。

3. 2　系统模型

如上所述,系统模型在开发闭环或开环控制系

统算法中扮演了一个主要角色。在这些模型中,物

理意义是由设计数据和试验所确定的。根据设计数

据对参数进行外推的实例见机械模型 (图 4)。这里,

整个传动系被描述成一个 3阶系统,其惯量包括发

动机、变速器和车辆。根据额定转矩的不同,可给出

包含上述 3惯量参数的运动方程。为阐明低档位时

的往复振动,在变速器和车辆惯量中插入了弹性阻

尼系统模型。

图 4　机械模型

F ig. 4　M echan ical model

　　这里给出了如何通过试验确定液压操纵系统

的时间常量 (图 5)。在设计闭环控制系统时。无需在

微观水平上使用有限元法 (FEM )检验液压效能。这

里的相关因素是可由试验台试验确定的操纵系统

的动态特征。如图 5所示,液压时间常数与温度和压

力有关,并呈现出强烈的非线性。

t im e. W hen using a virtual p ro to type, the quality

of the sim u lat ion determ ines the ex ten t to w h ich re2
su lt s can be app lied to the real 2 veh icle su rround2
ings.

T he p rocess step know n as the p rogramm ing

stage w ill no t be exam ined in greater deta il here be2
cause th is is no t the sub ject of th is p resen ta t ion.

Two test stages are schedu led in du ring the

creat ion of vo lum e p roduct ion softw are. T he first

of these is verif ica t ion of the funct ion specif ica t ion,

a p rocess w h ich invo lves a funct ion test in a PC

sim u lat ion. T h is is fo llow ed by a system app roval

in spect ion invo lving ex tensive test ing of the com 2
p lete system. Certa in componen ts of the funct ion

test and the system app roval in spect ion can be per2
fo rm ed by transferring them to the labo rato ry fo r

sim u lat ion runs.

3　M odel-based D evelopm en t Based on
the Exam ple of a Con trolled L ock-

Up Clutch

　　ZF understands the key ph rase“model2based

developm en t” to m ean a p rocess fo r develop ing

open2loop and clo sed2loop con tro l funct ions based

on a model of the physical in teract ion character2
ist ics of the system (F igu re 3).
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图 5　液压操纵系统的时间常数

F ig. 5　T im e constan t in a hydrau lic actuation system

　　在这种模型开发中,得到相当水平的细节是至

关重要的。通过对数据和仿真的对比,能确定模型

是否足够准确地描述了系统。如果模型包含过高水

平的细节,将反过来影响仿真时间和仿真数据的稳

定性。进一步而言,如果这些细节在控制器草图设

计阶段被集成在控制功能中,将造成变速器控制单

元极大的资源浪费。这不仅需要更精心的协同工

作,还使功能受到减弱。

ZF 通过用相对近似的术语描述发动机和变速

器,在模型水平上获得一个折中的结果。这些近似

描述依然使我们在仿真阶段能够对整个传动系统

的特性如负载倒拖作出定性描述。软件使得我们无

需对发动机特性作出细节描述,因为它们的影响在

更大程度上是由于冲击负载的阻尼。由于变速器性

能的描述需要更多的细节,例如在锁止离合器的仿

真中, 有可能在闭环过程的初始阶段进行调研
(图 6)。

图 6　在模型阶段合适的细节水平

F ig. 6　A dap ted level of deta il p rovided in the modeling phase

3. 3　控制器的草图设计

当系统模型被检验和评估后,闭环控制方法可

用来为闭环和开环控制功能设计合适的算法草图。

3. 1　Analysis phase

In the analysis phase a model of the system is

created. In th is examp le, the to rque t ransm it ted by

the clu tch const itu tes the p roduct ob ta ined by m ul2
t ip lying the frict ion coeff icien t again st the act iva2
t ion p ressu re. A ll know n physical effects and the

inf luence of to lerances and environm en tal charac2
terist ics on the system need to be est im ated. A t the

end of the analysis phase, you have a deta iled mod2
el w h ich describes the system in all the operat ing

modes rela ted to the task in hand.

In the draf t design and sim u lat ion phase the

deta iled model of the system is imp lem en ted in a

sim u lat ion environm en t. U sing m ethods derived

from clo sed2loop con tro l techn iques, a feedback

con tro ller is developed w h ich inf luences the system

in an app rop ria te m anner. In th is examp le, the de2
sired goal fo r clu tch act ivat ion invo lves clu tch actu2
at ion at a specif ied level of nom inal to rque.

If you divide the nom inal clu tch to rque by the

frict ion coeff icien t, you ob ta in the actuat ion p res2
su re. If an iden t ica l frict ion coeff icien t is ob ta ined

in bo th real act ivat ion and in the model, the sim u2
la t ion w ill then yield a set of ideal operat ing charac2
terist ics. T h rough varia t ion of the physical param 2
eters in the model, the robustness of the draf t ver2
sion can be invest igated by app lying fluctuat ing pa2
ram eters.

W hen the draf t version is tu rned in to real2
t im e2capab le softw are the funct ionality of the real

system can be exam ined and validated. A ny devia2
t ions and to lerances w h ich appear in the real sys2
tem then demonst ra te the ex ten t to w h ich nom inal

to rque and actual to rque on the clu tch fail to create

a perfect m atch.

3. 2　System M odels

A s described befo rehand, system models have

a cen t ra l ro le to p lay in the developm en t of algo2
rithm s fo r open2loop and clo sed2loop con tro l sys2
tem s. Physical effects are dep icted in these models

w h ich can be defined from design data and tria ls.

O ne examp le of how to ex trapo la te param eters

from design data is show n in the m echan ical model

(F igu re 4). In th is in stance, the en t ire driveline is

modeled as a th ird o rder system w ith inert ia values
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图 7　锁止离合器的闭环控制电路模型

F ig. 7　M odel2based clo sed loop circu it fo r the lock2up clu tch

图 7是可控锁止离合器的电路框图单元。系统模型

表现为“预先控制”单元。其机械模型的倒数模型被

用来进行计算。

　　为补偿模型的偏差,在离合器第一和第二轴处

安排了观察员。因此,至关重要的是确保在规划的

前期阶段确定的整个系统主要误差。这是确保草图

阶段的系统设计鲁棒性正确的唯一方法。

3. 4　评价

当进入到批量生产阶段,基于程序的模型交由

从事相关工作的人员进行修改。在系统优化应用于

车辆之前,需获得所有的物理参数, 以及车辆制造

商的数据 (如轴的刚度和发动机惯量)。信息来自于

试验装置的测量结果和设计参数。对车辆的一个基

本要求是将模型与系统进行比较。由于计算误差,

协调员应确定哪些参数需作进一步的优化。这被称

为对物理作用的了解和如何通过软件实现功能。当

然该过程要求专业的协调和匹配技能。

基于近似的模型会影响开发过程,基于产品的

模型也不同于采用常规技术开发的模型。通过在初

始阶段系统特性的使用,可能会在多达 6个方面提

高动态特性。另一方面,由于模型采纳了更多的系

统性能,控制单元会损失鲁棒性。

因此在鲁棒性和动态特性方面做出折中是必

要的。如果设计了一个高水平的动态特性,必须获

得更佳的控制性能。由于额定速度特性只能被适用

于舒适性或联接可靠两目标之一,这将使得锁止离

合器的工作必须是策略控制型的。

4　开发过程中的试验综合

在V 模型中,动态试验之间的区别与采用的模

fo r engine, t ran sm ission, and veh icle. Based on the

to rque rat ings app lied, mo t ion equat ions can be

w rit ten fo r each of these th ree inert ia values. To il2
lu st ra te the recip rocal vib ra t ions in the low er

gears, the model featu res a sp ring damper system

w h ich is arranged betw een the t ransm ission and ve2
h icle inert ia values.

　　T he t im e constan t fo r the hydrau lic actuat ion

system is show n here as an examp le of how to de2
f ine param eters from tests ( F igu re 5). It is no t

necessary fo r the design of a clo sed2loop con tro l

system to exam ine the hydrau lic effects a t a m icro2
scop ic level u sing the F in ite E lem en t M ethod

(FEM ). T he relevan t facto r here is the overall dy2
nam ic p rofile of the actuat ing system w h ich can be

estab lished on the test bench w ith m easu rem en ts

fo llow ed by iden t if ica t ion of param eters. A s you

see in F igu re 5, the hydrau lic t im e constan t is de2
penden t on temperatu re and p ressu re in a st rongly

non2linear m anner.

　　A ch ieving a comm ensu rate level of deta il is the

decisive featu re in the developm en t of models of

th is k ind. T h rough a comparison of m easu rem en t

and sim u lat ion resu lt s, you can estab lish w hether

o r no t the model describes the system accu rately e2
nough. If the model con ta in s too h igh a level of de2
ta il, th is w ill adversely affect the sim u lat ion t im e

and the digita l stab ility of that sim u lat ion. Fu r2
thermo re, if these deta ils are inco rpo rated in the

con tro l funct ion du ring the con tro ller’s draf t design
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型、综合和功能试验的试验过程相一致。在模型试

验中,部分软件 (模型)由试验向量给出激励。模型

的输出参数和预期试验结果作比较。通常无需对车

辆或变速器功能进行仿真,这是因为试验的目标是

检验技术结构程序和在模型中应用的编码。

在综合和功能试验期间,将对软件的实际结构

或者带各种诊断功能的整个软件包进行试验。为了

使功能试验非常接近于实际车辆的工况,需要对车

辆和变速器进行动态仿真。以下将给出更多细节。

4. 1　动态特性试验的自动控制过程

使试验更有效的第一步包括动态试验的自动

进行和评价。所有这些过程都基于在仿真软件中使

用闭环控制回路对动态模型的综合 (图 8)。以下是

一些理由:

2在相同质量目标的前提下减少试验成本
2与重复的手动操纵相比改善可靠性
2确保试验的再现性
2容易进行衰退试验
2简化试验文件

图 8　自动试验的闭环仿真

F ig. 8　C lo sed2loop sim ulation fo r au tom ated tests

　　ZF 公司从事的自动试验过程之一是“自动参考

比较”(图 9)。这里试验的自动方法是为了获得两种

软件状态的动态特性在功能上的一致性,即通过改

进设计来验证软件变化无任何不利因素,或保证软

件变化与应用平台相一致。

　　然而在检查绝对值时, 应用范围不应受限制。

甚至可通过自动参考比较检查较方便地对功能改

变进行试验。以前试验获得的试验向量无需更改,

stage, th is w ill g ive rise to excessive levels of re2
sou rce consump t ion in the t ransm ission con tro l u2
n it. T h is no t on ly requ ires mo re elabo rate coo rdi2
nat ion wo rk, it a lso m akes the funct ion less ro2
bust.

　　ZF has created a comp rom ise at the modeling

level by describ ing the engine and veh icle in rela2
t ively app rox im ate term s. T h is app rox im ate de2
scrip t ion st ill enab les us to m ake qualita t ive sta te2
m ents at the sim u lat ion stage on the overall charac2
terist ics of the driveline, e. g. load reversals. T he

softw are also enab les us to dispense w ith any de2
ta iled dep ict ion of engine characterist ics because

th is behavio r is inf luenced to a large ex ten t by the

damp ing of load impacts. Ow ing to the fact that

t ran sm ission p ropert ies are dep icted in m uch

greater deta il, it can fo r examp le be po ssib le to in2
vest igate the in it ia l stages of the clo sed2loop p ro2
cess in the lock2up clu tch quan t ita t ively in th is sim 2
u lat ion (F igu re 6).

3. 3　D raf t D esign of the Con troller

A fter a system model has been exam ined and

validated, clo sed2loop con tro l m ethods can be used

to devise a su itab le draf t a lgo rithm fo r open2loop

and clo sed2loop con tro l funct ions.

F igu re 7 p resen ts a b lock circu it d iagram based

on the examp le of the con tro lled lock2up clu tch.
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图 9　自动参考比较

F ig. 9　A utom atic reference comparison

图 10　试验向量的执行

F ig. 10　 Imp lem entat ion of test vecto rs

也可以延伸发展。

　　这里预期的试验结果并不是等效值,而被原始

输入数据和经过功能改变后测量数据之间的确定差

值所替代。

试验工程师能够将其注意力集中到检查预期的

误差上。试验可在车间的PC 机上实现。无需特殊硬

件或系统。试验所需的操作系统 (如循环任务调用)

是模拟的。

参考和试验软件使用相同的试验向量时间特

征。对被定义的测量值进行记录和比较。为了自动

评价试验结果,不仅在数值上而且在时间范围上都

需对误差给出详细的定义。然后评价程序将生成以

一份文本格式的方差报告,并辅以图形显示方差。

4. 2　试验向量在开发过程中的再使用

试验向量能在很大范围内使用 (图 10)。最简单

的过程包括记录车辆试验、实验室试验或 PC 机试

验的测量数据。如需要可使用转换器,将不同测量

数据程序的试验向量格式转换成一种标准格式。该

过程的其优点是较容易的使用各个独立试验事件。

T he system model a lso appears in the“advance con2
t ro l”b lock. T h is is w here the inverse model of the

m echan ical model is calcu la ted.

　　To compensate fo r devia t ions in the model,

observers are used fo r the p rim ary and secondary

clu tch shaft. Fo r th is, it is impo rtan t to ensu re

that the m ain to lerances of the to ta l system are

know n righ t a t the early stages of a p ro ject. T h is is

the on ly w ay of ensu ring that the system design is

robust enough righ t from its draf t stage.

3. 4　Eva lua tion

W hen p rogressing to the vo lum e p roduct ion

stage, th is model2based p rocedu re also en ta ils a

modif ica t ion in the wo rk ing m ethod of the valida2
t ion staff. Befo re a system can be op t im ized fo r use

in a veh icle, a ll the physical param eters need to be

ob ta ined. A s w ell as data from the veh icle m anu2
factu rer ( e. g. ax le rig id ity levels and engine

inert ia) , info rm at ion needs to be ob ta ined from test
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　　试验向量应用的另一方面是正本语言的使用。

运行时译员将正本指令进行转换,生成试验向量激

励试验样本。其好处是各试验事件易于修改和进一

步发展。另一优点是提供了在初始页设定内部状况

或试验样本测量参数通过反馈来影响试验过程的范

围。

在 PC 机键盘上手动输入能够补充自动试验的

顺序或叠加试验。这种对试验过程的更改能被记录

下来,其结果对今后的重复试验是有益的。

本文所描述的过程清晰地给出了所有的试验和

仿真环境。如需作修改,可由个别转换器完成。在过

程中生成的所有试验向量可在今后整个开发周期内

的任何时间中重复使用。这充分提高了效率和检查

深度。

5　在批量产品开发中的改动管理和工
作流程管理 (过程控制)

　　这里我们所面临的巨大挑战之一是加速开发过

程和软件编写。由于经营成本过高,人工管理这些

复杂工作是不可能的。通过使用贯穿整个过程的工

具以支持变动管理和结构管理 (图 11) ,软件开发商

在市场的重要因素、时间等方面有很大的改进空间。

图 11　贯穿全过程的工具

F ig. 11　Too ls emp loyed th roughout the p rocess

　　使用这些强有力的工具,开发商有了耗时少的

助手和放心的目标管理,并具有防出错的潜能。这

些软件工具主要集中在过程开发和软件生产方面,

因此需加以选择和综合与最初定义的开发过程相一

致。

5. 1　变动管理

为了满足企业在可描述性、再现性和符合最后

期限方面的需要,需要这样一个管理结构,它应能控

rig m easu rem en ts and from the design data. O ne of

the p rincipal requ irem en ts in the veh icle is to com 2
pare the model again st the system. Based on calcu2
la ted model erro rs, the coo rdinato r needs to decide

w h ich param eters are st ill in need of fu rther op t i2
m izat ion. T h is in tu rn calls fo r an understanding of

the physical effects and of how to imp lem en t func2
t ionality in the softw are. T h is of cou rse calls fo r

specia list coo rdinat ion and m atch ing sk ills.

　　A model2based app roach no t on ly affects the

developm en t p rocess: M odel2based p roducts a lso

differ from ones based on conven t ional developm en t

techn iques. T h rough the use of system p ropert ies

in the in it ia l act ivat ion p rocess, it is po ssib le to

boo st dynam ic p ropert ies by as m uch as a facto r of

6. O n the o ther hand, the con tro l un it lo ses ro2
bustness as it adop ts mo re p ropert ies of the sys2
tem.

　　 It is therefo re necessary to st rike a comp ro2
m ise betw een robustness and dynam ic p ropert ies.

If you set a h igh level of dynam ism , you can

ach ieve bet ter con t ro l characterist ics. T h is then en2
ab les act ivat ion of the lock2up clu tch to becom e

st ra tegy2based because the nom inal speed charac2
terist ics can be used to target either a com fo rtab le

o r a f irm connect ion.

4　 In tegra tion of Tests in the D evelop-

m en t Process

　　 In the V model, a dist inct ion betw een the dy2
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图 12　显示处理状况

F ig. 12　D isp layed p rocessing sta tus

制在规划、设计和软件的编码阶段或软件开发环境

方面的任何变化。当给出各种与需求相关的变化,

每个需求应有一个可表示和可追述的处理状况,特

别当开发工作的实施由大量系统伙伴通力合作时
(图 12)。

　　在发展和质量阶段可利用这些辅助工具实现在

线控制。所需的数据由项目数据库给出,并经评价。

必须遵守过程各个阶段和已确认的各个过程 (标准

化质量)。这表明在开发过程中,开发商仅当前一目

标达到后,才能进入下一阶段。开发商以这种方法

被系统地导入整个过程,给他们自由,集中他们的核

心活力。

在试验和确认过程各阶段中的次级过程基线是

分配次级过程中一个基本成份,次级过程包括变动

管理以释放高级别过程的软件。这表明不同的需求

可由不同的开发团队 (内部、外部、软件共享者、转包

商)来执行,虽然软件集成商仍需对为实际释放过程

负责。理想情况下,次级过程的需求同样依靠工作

流程的管理 (过程控制)通过定义界面或通过完全综

合来释放。

在传动系统功能开发过程中,变动管理和工作

流程管理事实上很难从外观上区分。ZF 公司在“工

具清晰查询”过程中已成功应用了它们 (图 13)。

　　这种过程控制手段使得需求和过程变更自动进

行,并被证明有效地改善了效率。而且,文件存储的

综合、最终期限、成本计划、特征数据的生成和功能

报告等切实改善了项目的透明度。我们仍需强调的

是在开发、试验和使用员工中各学科间的交叉已成

nam ic tests is m ade in acco rdance w ith the test p ro2
cesses app lied to the modu le, in tegrat ion and func2
t ion tests. In the modu le test, part of the softw are

(modu le) is st im u lated w ith test vecto rs. T he ou t2
pu t param eters of the modu le are then compared a2
gain st the an t icipated test resu lt s. It is then usually

no t necessary to sim u late veh icle o r t ransm ission

funct ions because the aim of th is test is to exam ine

the techn ical p rogram structu re and the coding em 2
p loyed in the modu le.

　　D uring the in tegrat ion and funct ion tests, sub2
stan t ia l componen ts of the softw are, o r even the

comp lete softw are package together w ith any diag2
no sis funct ions are sub jected to test ing. In o rder to

run a funct ion test w h ich mo st clo sely app rox i2
m ates real veh icle condit ions, a sim u lat ion of the

dynam ic characterist ics of veh icle and transm ission

is requ ired. W e w ill now look at th is in greater de2
ta il.

4. 1　Automation of the Process for Testing D y-

nam ic Character ist ics

T he first step to m ake a test mo re eff icien t in2
vo lves the au tom ated test ing and evaluat ion of dy2
nam ic tests. A ll these p rocesses are based on in te2
grat ing a dynam ic model fo r the clo sed2loop con tro l

rou te ( t ran sm ission, veh icle, road) in the sim u la2
t ion softw are (F igu re 8). H ere are the reasons w hy

th is is necessary:

—81—

W o lfgang R unge:传动系统管理功能的发展



图 13　清晰查询的控制过程

F ig. 13　P rocess con tro l w ith C lear Q uest

为传动系功能开发工作的基石。

6　结论

在考察一个从概念到产品批量生产的完整的开

发过程时,你将发现采用基于开发的模型有了一些

明显的变化。

在第一阶段,即产品概念转化为功能定义时,获

得了对系统的了解。这是因为对物理作用的描述来

源于相关的参数。由于分析阶段成为整个过程的一

个固定部分,系统设计中的问题在初期阶段已被认

识到了。以变矩器锁止离合器为例,操纵系统在滞

后和动态特性方面的需求已作了考虑,并对反馈控

制品质提出了特殊需求。

在虚拟样机和快速成形阶段则提升了开发过程

的效率。在虚拟样机阶段,在变速器硬件存在之前

即可对功能进行彻底地检验。如上所述,某些情况

下,所获得的一组基础数据能成为车辆试验的起点。

通过使用代码生成器,使试验计算机的图形仿真平

台具有实时生成代码的能力。这意味着可对车辆仿

真结果进行更广泛的试验以及研究仿真模型未包涵

的整个系统的实时行为。对锁止离合器而言,与载

荷倒拖有关。

必须清醒地认识到使用人员正在经受着更新,

一个来自旧学校并用纯实验方法武装的试验工程师

正在成为一个至少具有基本闭环控制系统知识的系

统工程师。

在批量生产环境中,不再将主意力集中在给定

的功能上。对最终程序可描述性和可再现性的要求

意味着开发流程的每一步必须伴随着本文所描述的

各种辅助工具。

　　2 R educt ion in co st of test ing w h ile reta in ing

the sam e quality target

2 Imp roved reliab ility compared w ith repet it ive

and iden t ica l m anual in spect ions

2 Ensu ring the rep roducib ility of tests

2 R egression tests are easy to conduct and

2 T est docum en tat ion is simp lif ied

　　O ne of the au tom ated test p rocesses emp loyed

at ZF is the“A utom at ic reference comparison”
(F igu re 9). T he test au tom at ion m ethod described

here is emp loyed in o rder to ach ieve funct ional e2
qu ivalence betw een the dynam ic characterist ics of

two softw are sta tu ses, e. g. fo llow ing a design

modif ica t ion to verify that sof tw are changes have

no adverse effects, o r to safeguard softw are

changes in the con tex t of a p la tfo rm app licat ion.

　　How ever, the scope fo r app lica t ion is no t ju st

rest ricted to check ing fo r abso lu te equ ivalence.

Even funct ion changes are easier to test by m eans

of an au tom at ic reference comparison check. T est

vecto rs from a p revious test can be adop ted w ithou t

any changes, o r can also be developed mo re ex ten2
sively.

　　T he an t icipated test resu lt in th is case is no t i2
den t ica l equ ivalence bu t is in stead the defined dif2
ference betw een the o rig inal inpu t data and the

m easu rem en t data ob ta ined after a funct ion change.

　　T he test engineer is then ab le to direct h is a t2
ten t ion to the exam inat ion of an t icipated differ2
ences. T he test can be carried ou t on the wo rkp lace
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PC. Specia l hardw are o r system componen ts are

no t requ ired fo r th is. Operat ing system compo2
nen ts requ ired fo r the test (e. g. cyclica l task calls)

are em u lated.

　　R eference and test sof tw are are then in it ia ted

using iden t ica l test vecto r t im ing characterist ics.

T he defined m easu rem en t values are reco rded and

compared. Fo r au tom at ic evaluat ion of test resu lt s,

to lerance defin it ions need to be defined. T h is no t

on ly app lies to the values bu t a lso to the t im e

range. T he evaluat ion p rogram then p roduces a

variance repo rt in tex t fo rm at together w ith a

graph ic disp lay of the variances estab lished.

4. 2　Re-Using Test Vectors in a D evelopm en t Pro2
cess

T est vecto rs can be imp lem en ted in a t rem en2
dously w ide variety of w ays (F igu re 10). T he sim 2
p lest p rocess invo lves reco rding m easu rem en t data

from a veh icle t ria l, a labo rato ry test o r a PC2based

test. A converter can then be used, if necessary, to

convert the test vecto r fo rm ats of the differen t

m easu ring data p rogram s in to one standard fo rm at.

T he advan tage of th is p rocess is the rela t ive ease

w ith w h ich individual test cases can be imp lem en t2
ed.

　　A no ther p rocess fo r imp lem en t ing test vecto rs

invo lves the use of a scrip t language. A n in ter2
p reter converts the scrip t comm ands du ring run t im e

and, in the p rocess, generates the test vecto rs re2
qu ired to st im u late the test specim en.

O ne advan tage of th is p rocess is the ease w ith

w h ich test cases can be adap ted o r fu rther devel2
oped. A no ther advan tage is the scope th is affo rds

fo r inf luencing the test p rocess on the p revious

page by app lying feedback from in ternal sta tu s o r

m easu ring param eters to the test specim en.

　　M anual inpu t on the PC keyboard can supp le2
m ent the au tom at ic test sequence o r can be super2
impo sed upon it. T he changes th is induces in the

test p rocess can be reco rded and the resu lt s are

then availab le fo r a subsequen t repet it ion of the

test.

　　T he p rocedu re described here is t ran sparen t

fo r a ll the test and sim u lat ion environm en ts app lied

here. If any adap ta t ion is requ ired, th is can be per2

fo rm ed by individual converters. A ny test vecto rs

created du ring th is p rocess can be re2used at any

subsequen t po in t in the en t ire developm en t cycle

(R e2U se ). T h is substan t ia lly imp roves the eff i2
ciency and the dep th of in spect ions.

5　Change M anagem en t and W orkf low

M anagem en t ( Process Con trol )

dur ing Volum e Production D evelop-

m en t

Speeding up the p rocess of develop ing and p ro2
ducing softw are is one of the greatest challenges w e

face in th is f ield. D ue to the h igh co st of adm in is2
t ra t ion, it is no longer po ssib le to m anage these

comp lex operat ions m anually. T h rough the u se of

too ls emp loyed th roughou t the p rocess to suppo rt

change m anagem en t and configu rat ion m anagem en t

(F igu re 11) , sof tw are developers can substan t ia lly

imp rove on that a ll impo rtan t facto r, t im e to m ar2
ket.

　　 T h rough the pow er and capab ility of these

too ls, developers are relieved of m any t im e2con2
sum ing ancillary and adm in ist ra t ive task s, a ll of

w h ich harbo r the po ten t ia l fo r erro rs to creep in.

T hese softw are too ls are cen t ra l to the p rocess of

develop ing and p roducing softw are so need to be se2
lected and in tegrated in acco rdance w ith in ternally

defined developm en t p rocesses.

5. 1　Change M anagem en t

In o rder to comp ly w ith the indust ria l requ ire2
m ents fo r t raceab ility, rep roducib ility and deadline

comp liance, an adm in ist ra t ion st ructu re is requ ired

to govern each and every change in the specif ica2
t ion, designs and code of any p iece of softw are, o r

to the developm en t environm en t of that sof tw are.

Given the variety of change2rela ted requ irem en ts,

each individual requ irem en t needs to have a dis2
p layab le and traceab le p rocessing sta tu s, especia lly

w hen developm en t wo rk is being conducted in co l2
labo rat ion w ith a large num ber of system partners

(F igu re 12).

　　D evelopm en t and quality2rela ted step s can be

con tro lled on2line by accompanying the p rocess

w ith the assistance of these too ls. A ll the data re2
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qu ired are draw n from a p ro ject database and can be

evaluated. Comp liance w ith all p rocess step s and

app roval stages is assu red ( standardized quality).

T h is m eans that developers canno t p rogress to the

nex t step in a p rocess un t il the p revious task has

been comp leted. In th is w ay, developers are gu ided

system at ically th rough the p rocess, leaving them

free to focus on their co re act ivity.

　　Baselin ing of sub2p rocesses du ring the p rocess2
ing step s of test ing and validat ion is an essen t ia l

componen t in the p rocess of assign ing sub2p rocess2
es invo lved in change m anagem en t to the supero rdi2
nate p rocess of softw are release. T h is m eans that

differen t requ irem en ts can be imp lem en ted by vari2
ous differen t developm en t team s ( in ternal, ex ter2
nal, sof tw are sharing, subcon tracto r ) , a lthough

the softw are in tegrato r does 2 and indeed m ust 2 re2
m ain responsib le fo r the actual release p rocess. Ide2
ally, sub2p rocesses of requ irem en ts 1. . n are coo r2
dinated by m eans of wo rkflow m anagem en t (p ro2
cess con tro l) fo r the release, either th rough defined

in terfaces o r th rough fu ll in tegrat ion.

　　Change m anagem en t and wo rkflow m anage2
m ent are now virtually indist ingu ishab le aspects of

the developm en t p rocess fo r driveline funct ions and

ZF has imp lem en ted them in the Too l C lear Q uest

p rocess from R at ional (F igu re 13).

　　T h is p rocess con tro l in st rum en t enab les the re2
qu irem en ts and change p rocess to be au tom ated and

th is has substan t ia lly imp roved eff iciency. M o re2
over, the in tegrat ion of docum en t sto rage, deadline

and co st p lann ing, generat ion of characterist ics da2
ta and repo rt ing funct ions has led to tangib le im 2
p rovem en ts in p ro ject t ran sparency. W e shou ld al2
so emphasize that the in terdiscip linary invo lvem en t

of D evelopm en t, T est ing, and A pp licat ions staff

has becom e a co rnerstone of developm en t wo rk in to

driveline funct ions.

6　Summary

If you consider the en t ire developm en t p rocess

from the p roduct concep t to the vo lum e p roduct ion

stage, you w ill f ind that the adop t ion of model2
based developm en t has given rise to som e sign if i2

can t changes.

　　D uring the first phase, in w h ich a p roduct con2
cep t is tu rned in to a funct ion defin it ion, an under2
standing of the system is ob ta ined. T h is is because

a descrip t ion of physical effects is const ructed from

the relevan t param eters. D ue to the fact that th is

analysis phase fo rm s a firm part of the p rocess,

p rob lem s in system design are recogn ized at an ear2
ly stage. To take the converter lock2up clu tch as an

examp le, requ irem en ts on hysteresis and the dy2
nam ic p ropert ies of the actuato r system w ere de2
vised in o rder to deliver the specif ica t ion requ ire2
m ents rela t ing to feedback con tro l quality.

　　T he two p rocess step s know n as V irtual P ro2
to type and R ap id P ro to typ ing enhance the eff icien2
cy of the developm en t p rocess. In a virtual p ro to2
type, a funct ion can be tho rough ly exam ined befo re

the t ransm ission hardw are ex ists. A s described

above, in som e cases, a set of basic data can be ob2
ta ined to fo rm a start ing po in t fo r veh icle t ria ls.

T h rough the use of code generato rs, it is po ssib le

to generate code w ith real2t im e capab ility from the

graph ic sim u lat ion p la tfo rm fo r use in experim en tal

compu ters.

　　T h is m eans that sim u lat ion resu lt s in a veh icle

can be tested mo re ex tensively and that the real2
t im e behavio r of aspects of the en t ire system can al2
so be invest igated that are no t covered by the sim u2
la t ion model. In the examp le of the lock2up clu tch,

th is rela tes to the top ic of load reversals.

　　 It m ust how ever be m ade abso lu tely clear that

app lica t ions staff are undergo ing a paradigm sh if t.

A test engineer from the o ld schoo l, equ ipped w ith

a pu rely emp irica l app roach, is now called upon to

tu rn in to a system s engineer po ssessed of at least a

basic grasp of clo sed2loop con tro l system s.

　　 In a vo lum e p roduct ion environm en t, it is no

longer suff icien t to concen t ra te so lely on a given

funct ion. T he dem ands fo r t raceab ility and rep ro2
ducib ility of the f inal p rogram m ean that a ll step s in

developm en t wo rkflow m ust be accompan ied w ith

the assistance of too ls of the k ind described in th is

paper.
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